KCONOMIC GEOGRAPHY 


VOLUME X, 1934 


Published by 
CLARK UNIVERSITY 
Publication Office, 10 Ferry Street, Concord, NH. 


Editorial Office, Worcester, Mass. 








| 
>SNUMBER 1 


JANUARY 


SOFTWOOD RESOURCES OF EUROPE 
Thorsten Streyftert 


AGRICULTURAL REGIONS OF ASIA 
Samuel Van Valkenburg 
THE GREAT VALLEY OF EAST TENNESSEE 
2. H. C. Amick 
‘ CITRUS FRUIT INDUSTRY OF THE LOS ANGELES BASIN 
Clifford M. Zierer 


LAND ECONOMY OF WARREN COUNTY, KENTUCKY 
J. Sullivan Gibson 


AGRICULTURAL METHODS ON THE CANARIES:’ 
| Séren Jensen 


UNIVERSITY, WORCESTER, MASSACHUSETIS U.S.A. 








4 


OUR CONTRIBUTORS 


on 

Mr. Thorsten Streyffert, a graduate of the College of Forestry and the College of Commerce, 
Stockholm, is now Assistant Professor in the former college, his special field being Geographical 
Forest Economies, i.e., the forest resources of the world and their markets. He experienced active 
assistance in the Swedish Forest Service for a number of years and has served as a member of 
several of the committees on forest policies. Academic work combined with field studies and sev- 
eral years’ study and travel in the United States, India, Japan, China, Asia Minor, the Balkans, 
and Central Europe, gave him a wealth of information which he made available in ‘The Softwood 
Resources of the World,” published in Swedish at Stockholm in 1931. 


Dr. Van Valkenburg, by reason of his extensive training and wide travels, is peculiarly fitted to 
write the article on the ‘Agricultural Regions of Asia.’’ He has studied at the Universities of 
Utrecht, Berlin, Zurich, Neuchatel, and Lausanne. He has travelled in eastern Asia — Malay 
States, Indo-China, and Japan. From 1921 to 1926 he was the geographer for the Royal Survey 
of the Netherlands East Indies. From 1927 to 1929, he was on the staff of the Graduate School 
of Geography of Clark University. Until recently he was associate professor of geography at the 
College of the City of Detroit, but in September, 1932, he assumed his duties as climatologist and 
authority on the Far East in the Clark Graduate School of Geography. 


: 

Mr. Amick, assistant professor of geology and geography at the University of Tennessee, received 
his undergraduate training at Elon College, later receiving an M.A. degree from the University 
of North Carolina, where he has since done graduate work leading toward the Ph.D. degree. He 
has done much practical work in engineering and geology. Mr. Amick wishes to acknowledge the - 
use, in this article, of material collected by Mr. G. C. Martin. 


Dr. Clifford M. Zierer, Economic Geographer in the University of California at Los Angeles, has 
contributed a number of articles dealing with southern California to various geographical jour- 
nals in recent years. ““The Ventura Area of Southern California,” which appeared in The Bulletin 
of the Geographical Society of Philadelphia in 1932 describes briefly the citrus districts of the 
Santa Clara River Valley which ranks second in importance in southern California. 


Mr. Gibson received his undergraduate training at Abilene Christian College, Texas, and was in- 
structor in geography at that college from 1926 to 1928. Graduate study at the University of 
Wisconsin rewarded him with a Ph.M. degree from that institution in 1929. Pursuing further 
graduate training and research at Clark University, he has now fulfilled, with the completion of 
his thesis, all the requirements for the Ph.D. degree. The graduate study combined with extensive 
field work in the Pennyroyal district of Kentucky, has admirably equipped Mr. Gibson for this 
exhaustive treatment of Warren County. 


Mr. Jensen, whose work for the M.S. degree in Geography at the University of Copenhagen is near 
completion, has studied under two distinguished Professors of Geography, Dr. M. Vahl and Dr. 
Gudmund Hatt, and has had special training in economics under the late Dr. L. V. Birck, Pro- 
fessor of Political Science. He has made special studies in Brazil, relative to the production of 
coffee. A six months’ sojourn in the Canary Islands in 1930 provided him the opportunity of 
obtaining first-hand information for this authoritative article on the agriculture of two of the 
islands, about which we have had altogether too little knowledge. 


Copyright 1934 
by 
Clark University 
Worcester, Massachusetts 


(Indices of Economic GEOGRAPHY are issued every October for the volume just completed. The articles of the magasine are also 
indexed in the International Index to Periodicals to be found in every Uniied States Library.) 


Subscribers are requested to send notices of change of address five weeks before they are to take effect. Failure to send 


such smenice will result in the incorrect forwarding of the next copy and delay in its receipt. Old and new addresses must 
also be given. 








} 
ECONOMIC GEOG 
ail A ~ A (,FEOGRAPHY 
! 
CONTENTS FOR JANUARY, 1934 
‘ PAGE 
SOFTWOOD RESOURCES OF EUROPH .. «2. £ 2s i be ee 4 Oe eee 1 
THORSTEN STREYFFERT 
; 
AGRICULTURAL REGIONS OF AsIA: PART V—INbDIA, REGIONAL DESCRIPTION . 14 
’ SAMUEL VAN VALKENBURG 
THE GREAT VALLEY OF EAST TENNESSEE .. . 27 aT 5s be 2S eee ae 
: H. C. Amick 
THE CITRUS FRuIT INDUSTRY OF THE Los ANGELES BASIN. ........ 53 
CLIFFORD M. ZIERER 
LAND ECONOMY OF WARREN COUNTY, KENTUCKY; PARTI. ........ =74 


J. SULLIVAN GIBSON 


AGRICULTURAL METHODS ON THE CANARIES—FUERTEVENTURA AND LANZAROTE 99 
: SGREN JENSEN 


} 
ECONOMIC GEOGRAPHY 
Published Quarterly by 
CLARK UNIVERsITY, at 10 Ferry Street, Concord, N. H. 
Editorial Office, Clark University, Worcester, Massachusetts 
PRICE, $1.50 THE CURRENT NUMBER FIVE DOLLARS A YEAR 
(except to charter subscribers) 
Entered as second class matter at the Post Office at Concord, N. H., under the Act of March 3, 1879 
: Copyright, 1934 
; 
: 








THE SOFTWOODS 


HE softwoods of the world are destined to play an ever-increasing 

part in the world’s economy, a part that is being anticipated by the 

foresters of every land where they can be grown. Just as alcohol 
from vegetation may supply a goodly share of the world’s power when its coal 
and petroleum reserves approach exhaustion, so may pulp from the softwoods 
supply a significant substitute for many of the metals used in construction 
where lightness and durability are desiderate. The softwood forests may 
then form one of the cheapest laboratories and factories of raw material, for 
construction, textiles, and paper. 

The softwood lands of the world are extensive, generally situated where 
agriculture is not economically feasible, but they are rather definitely 
limited. The future may see them taxed to their full productive power, if 
the demands for their product should increase as seems probable. The belt 
of coniferous forest that circles the sub-arctic and cold temperate world, 
where population has ever been sparse and scattered is not likely ever to 
become densely peopled, but it may become a zone of economic activity far 
surpassing its present condition. The sylviculture of Sweden and Finland 
may expand and girdle the earth. 

The romance of modern civilization is being printed upon pulp-wood paper. 
Newsprint from the taiga of Eurasia and the spruce-fir forests of America 
constitutes one of the foremost articles of temperate trade. The cut and 
consumption of softwoods interests every reader of newspaper, magazine, 
scientific treatise, and mystery story for in the pennies he pays for his news, 
his education, his literary satisfaction, is reflected the cost of pulp and paper. 
The great presses of the world, the great news agencies, the great industries 
and achievements that depend upon publicity—all these depend upon the 
softwood resources, their supply and availability. 

The lands submarginal for agriculture may well become marginal and bet- 
ter for sylviculture and yield their revenue to the welfare of the northern 
nations. The acres taken from farming may yield a richer return from lum- 
bering, game, furs, and recreation. The economic geographer wisely turns 
aside from agriculture to sylviculture for a time to appraise the potential 
value of the softwood lands. 
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SOFTWOOD RESOURCES OF EUROPE 


Thorsten Streyffert 


HE growing international trade 
in wood, pulp, and paper between 
the countries of the world has 
made the question of the forest resources 
of the world, and especially the softwood 
resources of the 
common interest. 


matter of 
This interest centers 
around the two continents—Europe and 
North America—where almost nine- 
tenths of the world’s softwood is cut 
and consumed. 
about 
wood. 


world, a 


Europe alone uses 
one-third of the world’s 
Considering the fact that an 


important trade in wood is carried on 


soft- 


between these two continents, America 

as well as Europe—has reason to 
keep herself informed as to the posi- 
tion of either in regard to the soft- 
wood question. 


COMPARISON BETWEEN 
EUROPE AND NORTH AMERICA 
The area of Europe totals 4,250,000 
square miles or about half that of North 
America, while both are located in about 
the same latitude, although Europe does 
not stretch quite so far to the north or 
to the south. 


POINTS OF 


Consequently Europe has 
several advantages, which should be 
noted, as they greatly influence tree- 
growth. She has, because of the Gulf 
Stream, a somewhat warmer climate 
than the mean temperature for the cor- 
responding latitude. A most striking 
illustration of this anomaly is_ that 
Stockholm, situated on the same latitude 
as northernmost Labrador, which is des- 


olate of tree-growth, has a heavy forest. 
(It should be noted, though, that the 
climate of Labrador is unfavorably in- 
fluenced by a cold stream from the Arctic 
Ocean.) North America turns its broad- 
est front towards the Arctic, whereas 





FiGure 1. 
forests of central Europe are long since gone. 
In this virgin woodland, formerly the hunting 
ground of the Russian Tzars, Bialowieza, now 
belonging to Poland, the pine is mixed with spruce 
and several species of hardwoods. 


With but few exceptions the virgin 


the opposite holds true for Europe. 
Furthermore, the less solid land mass of 
Europe is within easier reach of the 
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FIGURE 2. 
ate hardwoods; (3 
timber line, lakes; 


Subtropical hardwoods; 
7) Northern limit of oak. 


moist winds from the surrounding seas 
and gulfs than is the case with North 
America, and thus insufficient precipita- 
tion gives rise to treeless areas of less 
extent in Europe than in North America, 
in proportion to the land area. Even 
though Europe originally was covered 
to a greater extent with forests than was 
North America, this is no longer the 
case, inasmuch as the clearing of land 
for agriculture has advanced further in 
the earlier settled continent of Europe 
than in North America. 
the careless cutting and the grazing of 


l‘urthermore, 


the forests in both continents has con 
tributed to the diminution of the pro- 
ductive forest area and the deterioration 


The forest regions of Europe and adjacent lands. 
(4) Arctic treeless regions; 





1) Conifers dominant; 
5) Prairies; 


(2) Temper 
(6) Areas above 


of the forests, although one might say 
that this nowadays has largely ceased in 
Kurope under the growing influence of 
the forestry movement. 


lorEST AREA 


The remaining forest area of Europe 
might better be judged by a comparison 
with the corresponding data for North 
\merica. The figures stand for pro 
ductive forest area, including such tem- 
porarily bare land that will eventually 
hear forest. These data are only ap 
the with 
practically all the data that will be given 
further, on cut, growth, and consump 


proximate, as is also case 


tion of wood. 
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North 
Unit Feurope { merica 
Total area Sq. miles $4,250,000 8,300,000 
Population in 1927 Millions 476 143 
Productive forest area: 
Total Mill. acres 675 1,376 
Per cent of total area 24.8 25.9 
Per inhabitant Acres 1.4 9.6 
Coniferous forest area 
Total Mill. acres 145 1,019 
Per inhabitant Acres 0.9 eet 


Thus every inhabitant of North Amer- 
ica has seven times the forest area of 
the European at his disposal and, count- 
ing only the softwood (coniferous ) area, 
This, of 
course, is a fundamental cause of the 


he has eight times as much. 


known fact that the American consumes 
decidedly more wood than the European. 
The composition of the forests and their 
location in regard to markets also play 
an important part, of course. On the 
whole it may be said that Europe is no 
less favored than North America in these 
respects. As for their accessibility the 
forests of urope are even somewhat 
better located. 


lOREST REGIONS 


The forest regions of Europe cor- 
respond in a rough way to those of 
North America, which follows from the 
Qn 


both continents a vast belt of conifers 


similarity of geographical location. 


with an admixture of hardy broadleaves 
stretches below the treeless arctic regi mn. 
On the Atlantic seaboard this belt, un- 
the the 
moister climate, is superseded by broad- 


der influence of warmer and 
leaved forests, in which several species 
Still farther 
respectively in the Medi- 
terranean region in Europe and the Gulf 


North 


species and subtropical pines come into 


of oaks are predominant. 
to the south 
states in 


\merica—evergreen 


predominance. In lturope there is, of 
course, no counterpart to the magmnifi 
cent forests of the Pacific slope. 

rHE CONIFEROUS 


\s in North 


dominated by spruce and pine with an 


FOREST REGION 


\merica this region is 


w 


EUROPE 


The 
species are fewer in number than is the 
case in North America. 


admixture of hardy broadleaves. 


Besides spruce, 
Picea excelsa, and pine, Pinus silvestris, 
no other conifers of any importance oc- 
cur. In northeastern Russia the sibe- 
rian species have a limited occurrence: 
siberian larch, Larix stbirica, siberian fir, 
Abies sibirica, and cembra pine, Pinus 
cembra. ‘Towards the east the common 
spruce attains some new botanical fea- 
tures and thus is nominated as a new 
species, Picea obovata, which ranges 
throughout eastern Siberia. Among the 
few broadleaves in this region birch, 
Betula verrucosa, B, odorata, and aspen, 
Populus tremula, are most common. In 
the southern part of the region a num- 
ber of less hardy species take their place : 
oak, Quercus sessiliflora, and Q. pedun- 
culata, beech, Fagus sylvatica, and more 
sparsely ash, maple, elm, and others. 
This part of the region is rather thickly 





Ficgure 3.--A good stand of spruce, Picea ex 
celsa, and fir, Abies pectinata, on a lower slope of 
the Tyrolian Alps, about 2,500 feet above sea 
level, estimated to yield about 10,000 cubic feet 
per acre. Skid roads are maintained to facilitate 
the transportation of logs down the slope on sleds. 
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populated. Not only is a great portion 
of the land cultivated but the remaining 
forest has been drawn upon for the needs 
of the population, as also for exports to 
Asarule 
the forests are fairly well managed to 


less wor ded part S of Kurc ype. 


such a degree, at least, that regrowth is 
cared for and no serious overcutting is 
taking place. 

The northern and, by far the greater 
part of this region, is sparsely populated 
on account of adverse climate and stony 
and 


glacial deposits. In Scandinavia 





FIGURE 4. 
sosnia, Yugoslavia, the logs are skidded along 
the skid roads to the logging spur W ith the aid of 


In this spruce and fir forest in 


horses. Most of the Bosnian forests can be 


reached only by logging railroads 


‘inland, where the forests are easily ac 
cessible due to the presence of drivable 
streams, exports have gone on for dec 
ades and, in some parts, for centuries. 
\s a consequence, the forests have now 
been logged at least once over practically 
the whole area. Originally only the big 
gest timber was removed for the saw 
mill industry, but as the pulp industry 
has grown and thus created a market 
for small logs more scientific methods of 


cutting have come into use. Although 
practically no virgin forest is left there 
are still great areas with overmature 
stands in Sweden Finland. In 
northern Russia logging for export has 


only touched the shores of the most ac- 


and 


cessible streams. l*orest fires have done 
much to reduce the value of the Russian 
forests, but their vast areas in the ag 
gregate still contain enough timber and 
pulpwood to make them a most impor 
tant reserve for the future needs of 
urope. 

In Scandinavia large areas rise above 
timber line; in Norway alone not less 
than 60 per cent of the total land area 
lies above that limit. Swamps are com 
mon in the whole region, increasing in 
number and extent towards the north, as 
is also the case with the swampy wood 
lands. ‘The latter generally carry slow 
growing stands of spruce. 


rHE REGION OF TEMPERATE 


HARDWOODS 


Oaks and beech predominate in the 
plains and in the lower slopes of the 
mountains. The fairly extensive moun 
tain systems, the Alps, Carpathians, and 
so forth, carry coniferous forests of 
great value. Conifers also grow on the 
poor soils of the plains. “Through plant 
ing, the area of conifers has been greatly 
enlarged, especially in Germany, while 
clearing of land for farming purposes 
has reduced the original hardwood area. 
Commercially, the yield of the conifers 
even in this region 1s by far more im 
portant than that of the 
The yield of the latter is greatly con 


hardwoods. 


sumed by the local farming population, 
which also owns a considerable part of 
the forest area, divided into small wood 
lots. 

The conifers are represented by the 
former region’s pine and spruce and fur 
ther bya number of less common species 


Of the latter a fir, Abies pectinata, is 
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FiGure 5. 
of raft is common on central European rivers. 
from whence they are rafted farther down Moldau River into Germany. 


fairlycommon. Mention should also be 
made of alarch, Larix europea, and two 
species of pine, the black pine, Pinus 
laricio, and cembra pine, Pinus cembra. 
The former prefers calcareous soils and 
grows well even on very dry and rocky 
ground. ‘The latter has a limited occur 
rence in the higher elevations of the Alps. 

\s climate and soil become more sutt- 
able for farming, population increases. 
llere is also the great industrial center 
of Europe. The region as a whole im- 
ports wood, mainly from northwestern 
lkurope but also, to some extent, from 


North 


\merica. 


rHE REGION OF SUBTROPICAL 


HARDWOODS 


This region extends around the shores 
of the Mediterranean, its evergreen spe 
cles giving way to the temperate hard 
woods and conifers of the former region 
at higher altitudes of the generally moun 


tainous country Besides these ever 
green species certain species of pine grow 
also, such as Pinus halepensis, P. pinas 


ter, and P. Pinea. The forests of this 


A raft of pine logs, on Palzan River, a tributary of the Donau in Austria. 


uw 





This type 


Logs from the Bohemian hills are collected at Prague, 


region have since ancient times suffered 
from unregulated cutting and excessive 
grazing. lor the most part they are of 
a scrubby type, corresponding to the 
“chapparal” of southern California in a 
similar climate. l*orestry activities are 
only sporadic and the present unsatisfac- 
tory state of the forests does not seem 
toimprove. ‘This region also has to 1m- 
port a considerable part of its softwood 
consumption. 


Ilex PLOITATION AND FOREST INDUSTRIES 


‘The accessibility of the forests in dif- 
ferent parts of Europe varies greatly 
according to density of population and 
means of transportation. Whereas in 
the densely populated countries of west- 
ern and central Europe stump-values are 
high, they shrink to nought in vast tracts 
of northern Russia. 

The European methods of logging are 
adapted to the sustained-yield principle, 
generally adopted in the forest manage 
ment. Thus, as a rule, only limited 
quantities of timber are cut in each place, 
whether it be clear-cutting on a small 
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area (leaving seed trees), selective cut- 
ting, or thinning in the young stands. 
Logging is generally done by simple 
means, requiring the use of horses for 
short hauls and river-driving or 
transport for the longer hauls. 


rail 
In north- 
ern Europe, where natural conditions 
are similar to those of eastern Canada, 
methods of logging also are rather sim- 
ilar. The logs are hauled by sled to 
the nearest drivable stream and thence 
floated to the mills, which are located at 
the mouths of the rivers. 
centers of 


The greatest 
forest industry are to be 
found on the rivers opening into the 
Gulf of Bothnia, the Gulf of Finland, 
and the White Sea. Mention should 
also be made of the pulp and saw-mill 
industry bordering the shores of Oslo 
(Christiania) Fjord and the prominent 
saw-mill center at Riga, before the war 
still more important than now and, in- 
deed, at that time the foremost lumber 
exporting port of the world. 

The concentration of great quantities 
of raw material at a limited number of 
river-openings affords an excellent op- 
portunity for the most economical use. 
According to the demands of the market 
the logs can be made into lumber or pulp. 
This location of the industry also affords 
the most 
utilizing the waste in the lumber indus- 
uy. 


favorable opportunities for 


for 
sulphate pulp, but the greater part still 


To some extent this is used 


goes to furnish the necessary power for 
the saw-mills, and part of the fuel con 
sumption in the neighboring pulp-mills 
also is met in this way. This close co- 
operation is favored by the circumstance 
that the big lumber companies in Nor 
way, I*inland 
The 


dustry thus can furnish a considerable 


Sweden, and also have 


their own pulp-mills. forest in 
portion of its wood consumption from 
forests of its own. In other parts of 
Europe (outsideof Scandinavia-F inland) 
this cooperation is less common. 


The natural facilities for floating are 
most favorable in the northern and mid- 
dle parts of Sweden, where the average 
distance to drivable streams is only about 
1% miles. Practically all suitable wa- 
terways have been taken into use for 
this purpose, and the floating is organ- 
The cost of 
about one-fourth 
of the cost of railway transport. In 


ized in a cooperative way. 
floating is very low 


1928 the average cost was 1.9 cents per 
cubic foot (including the sorting of the 
logs for different owners) for a distance 
that probably averaged 120 miles. In 
the same year 555 million cubic feet 
were floated down the Swedish rivers. 
This quantity included 43.3 million saw- 
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tion of Europe having a surplus of softwood 
timber 


logs and 107.2 


million pulp-logs, and 
it was equal to two-thirds of the whole 
cut of timber in Sweden. Aspen and 
birch for the match industry are oc 
casionally floated separately over short 
distances. 

The floating is equally important in 
Norway and Finland as in Sweden, al- 
though the natural facilities in the first 
mentioned countries are slightly less fa- 
vorable. Floating is also the only way 
to bring to the market the timber from 
the vast forests of northern Russia. 
There the logs are tied together into 
rafts to facilitate the transportation in 


the rivers, which have a very slight fall 
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FIGURE 7. 
stlvestris, in 


Two generations of pine, Pinus 
Czecho-Slovakia. Such a sight ts 
common in many of the European forests. 


and often are subject to inundations in 
the season of snow-melting. 

The total cost of exploitation in the 
region of river-driving and sled-logging 
is, on an average, low, both on account 
of the favorable natural facilities and the 
presence of a farming population, that 
in most cases is numerous enough to 
furnish a supply of cheap labor and 
horses. ‘The average earnings (all piece- 
work) of the northern 
Sweden are 1.50 dollars a day for cut 


woodsman in 
ters and about double that amount for 
teamsters, who have to furnish a sled 
and a horse and also feed for the latter. 
The total cost of exploitation, including 
the felling of the timber, the hauling to 
waterways, and the floating down to the 
mill at the coast averages about 5 cents 
a cubic foot. 

Lately, trucks and caterpillars have 
come into use for logging in northern 


europe. The economy of this means of 


transportation is dependent upon the 
length of the haul and the quantities of 
timber to log on a certain road, and so 
forth. Thus, it seems to be especially 
adapted to conditions in northern Rus- 
sia where longer hauls and more concen- 
trated logging are more common than 
in Scandinavia and Finland. Logging 
with tractor attracts, in accordance, the 
vreatest interest from the Soviet author- 
ities in their endeavors to greatly in- 
crease the exports from the Russian 
forests, all the more because population 
in the forest areas draining to the White 
Sea is scarce. 

Where the above mentioned cheap 
means of logging are not feasible, re- 
sort must be made to the more expensive 
methods. This is generally the case in 
the middle and southern parts of Eu- 
rope. ‘These parts of Kurope are well 
provided with railways, and transport 
can be furnished at a reasonable price. 
In order to reduce the cost of transport 
saw-mills and pulp-mills are located 
along a common carrier in convenient 
reach of the forest tracts from which 
they draw their raw material. Thus, 
only the finished products are sent over 
long distances. As a consequence the 
nulls are generally smaller than in north- 
ern Europe and also more scattered. 
The technical equipment also is some- 
what inferior, being of older date than 
the younger and more competitive forest 
industry of northern Europe. 

The local transport from the woods 
to the mill or the common railway is 
done by logging railroads in quite a 
number of instances. This implies, of 
course, the existence of fairly extensive 
forest tracts. “The most common means, 
though, are the horse wagon and the 
truck. In order to keep down the cost 
of transport well-managed forests of 
larger size are equipped with a network 
of good roads, to which the logs are 


skidded with horses. In rough country, 
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e.g. in the Alps, the Carpathians, and so 
forth, it is often necessary to resort to 
other means. Gravity chutes (earthern 
and wooden) and simple kinds of sky 
lines are the most 


common means to 


bring the logs down a steep hillside. 


CuT AND CONSUMPTION OF SOFTWOOD 
‘TIMBER 


The question of the utilization of the 
coniferous forests of Europe will here 
be limited to their yield of softwood 
timber, as information on the yield of 
firewood is very incomplete and the fig- 
ures occasionally given are probably very 
unreliable. 

Even with this limitation one can only 
reach approximate values for the cut 
and consumption. Tor a few countries 
census figures are available, while for a 
few more, estimates have been made by 
the forest authorities or by experts in- 
terested in this subject. For the remain 
ing countries estimates have been made 
by the author. The values thus obtained 
for the period 1925-27 are graphically 
shown in Figures 6 and 8. 

The cut of softwood timber for Eu 
rope as a whole was in the above men- 
tioned period 6,220 million cubic feet 
(176 million cubic meters). This refers 
to the quantity in log, bark excluded. 

It is, perhaps, somewhat surprising to 


see that a rather big proportion of the 
total cut is obtained from the densely 
populated countries of central Europe. 
This follows from the above mentioned 
fact that the forests of Europe generally 
are managed on a sustained yield basis. 
In this way some densely populated parts 
of Europe with a fair proportion of their 
land area under conifers even have a 
surplus of softwood timber, as shown 
from Vigure 6. The Russian forests, 
especially in their northern part, show a 
considerably lower yield than those in 
Scandinavia and Finland. The demand 
for wood has not yet made it possible 
to utilize their whole growth, and, as 
their location in regard to the principal 
markets is less favorable than that of 
the forests in the above mentioned coun- 
tries, they are still waiting for their turn. 
But perhaps “waiting” is not the ade 
quate word for the newsituation brought 
about by the Soviet régime, trying to 
increase the cut and the exports with all 
its might. 

The cut per acre varies considerably 
in different parts of Europe according 
to growth, accessibility, and so forth. 
lor the years 1925-27 the cut of soft- 
wood timber, reckoned per acre of conif- 
erous forest, was lowest in Russia with 
about 4.6 cubic feet and highest in Ru 
mania with about 84 cubic feet. The 
latter figure implies a considerable cut 
over growth. The average for Europe 
was 14 cubic feet and for Europe, ex 
cept Russia, 26 cubic feet. The corre- 
sponding figure for Canada was about 
2.3 cubic feet and for the United States 
about 24 cubic feet. For North Amer 
ica as a whole it may be put at about 
814 cubic feet as compared with the 
above 14 cubic feet for Europe. 

The cut in Germany, which may be 
taken as a norm for the sustained yield 
in a country with well-developed for- 
estry practice and favorable marketing 


facilities, was, according to the census 
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for the year 1927, 34 cubic feet of soft- 
wood timber per acre of coniferous 
forest. 

The consumption of softwood timber 
may be studied from the chart (Figure 
8) showing the geographical distribution 
of consumption in the years 1925-27. 
This consumption is figured in terms 
of round timber (without bark) corre- 
sponding to the consumption of lumber, 
paper and all other items, for which soft 
wood timber is used. The total con- 
sumption of softwood timber may be 
figured at about 5,840 million cubic feet 
or 380 million cubic feet less than the 
cut. The difference is surplus of ex- 
ports over imports for urope aS a 
whole. 

Consumption centers in the industrial 
region of Europe. The consumption 
per capita varies, being highest in the 
northern countries with their vast ex- 
panses of forest and lowest in the Medi 
terranean region, where little forest land 
remains. “The consumption of softwood 
timber is highest in Finland with about 
48 cubic feet per capita and lowest in 
Bulgaria with about 314 cubic feet. In 
l‘inland,as is the case also in other north 
ern countries, wood is used almost ex 
clusively for buildings, while in the mid 
dle and southern parts of Europe other 
materials take its place. 

But 


rate of consumption. 


factors also influence the 
\ high standard 
of living involves the use of more wood 


other 


than a low standard. Industrial coun- 
tries use large quantities of wood for 
the manufacture of LO “ls for export; a 
cooler climate requires more or less sub 
Asa matter of fact, 
the industrial countries of Europe have 


stantial buildings. 


a considerably higher consumption of 
(15 to 20 cubic feet 
per capita) than the agricultural coun 
trices (7 to 10 cubic feet per capita ). 


softwood timber 


Russia belongs to the latter class, as is 


to be expected on account of the bulk of 
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FiGURE 9.—-In recent years the surplus of ex- 
ports over imports in Russia has increased im 
mensely, thereby causing a decrease in output of 
the other European producers. 


her population living on the treeless 
prairie. lor Europe asa whole the con- 
sumption is about 12 cubic feet per cap- 
ita and for Europe except Russia, a little 
more, about 13 cubic feet. The corre- 
sponding figure for North America 1s 
about 56 cubic feet or about 5 times the 
The 
consumption in the United States for 
the years 1925 


per capita consumption of Europe. 


27 may be put at about 
64+ cubic feet and in Canada at about 
53 cubic feet. 

Which items, then, enter into Europe's 
consumption of softwood timber, given 
above as 5,840 million cubic feet for the 
years 1925-27? 

On the basis of statistics of the pro- 
duction of pulp and imports and exports 
of pulp and paper into and from Europe, 
it can be calculated that about 780 mil- 
lion cubic feet are consumed in the form 
of paper and board, besides other less 


important manufactures of pulp. This 
corresponds to 13 per cent of the total 
consumption of softwood timber. The 


remaining 87 per cent is mostly lumber, 
about 20,000 million board feet or 63 
per cent being finished lumber consumed 
in 1925-27, and the remaining 24 per 
cent consumed as round or hewn timber : 
railway ties, mine timbers, poles, posts, 
piling, and hewn building timber, the lat- 
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ter often used by the farmers of north- 
ern Europe in building their homes. 

It may be of interest to note that the 
consumption of softwood lumber in the 
United States in the years 1925-27 
amounted to about 29,000 million board 
feet as compared to about 20,000 million 
board feet for Europe as a whole. 

The per capita consumption of paper 
(including board) is highest in England 
with 91 pounds per capita. Sweden and 
Germany follow with 67 and 58 pounds 
consumption per capita respectively. In 
general it may be said that the indus- 
trially and commercially well-developed 
countries have the lead in the matter of 
paper consumption per capita. For Rus- 
sia the corresponding figure is 6 pounds, 
For Eu- 
rope as a whole the per capita consump- 


and for Rumania 5 pounds. 


tion averaged 30 pounds in the years 
1925-27 and the total consumption in 
the same period amounted to 7.1 million 
short tons. This consumption is con- 
siderably lower than the American stand- 
ard. Statistics indicate a consumption 
for the United States alone of 11.8 mil- 
lion short tons in 1926, corresponding 
to 202 pounds per capita. 

The trend of consumption is different 
While 


the per capita consumption of paper is 


in regard to paper and lumber. 


still markedly increasing the consump- 
tion of lumber per capita is somewhat 
less for the period 1925—27 than for the 
year 1913. This may, to some extent, 
be ascribed to the great war, but on the 
other hand it can be proved that more 
permanent factors also are contributing 
to this result. For instance, it can be 
shown from the statistics of imports of 
Great Britain that the per capita con- 
sumption of lumber has been declining 
ever since the beginning of the century. 
Asa result total consumption of lumber 
is at a standstill or possibly slowly in- 
creasing. Total consumption of paper 


is growing rapidly. For North Amer- 


ica the same general trend can be distin- 
guished, only that the consumption of 
lumber is declining markedly. 

Kven when the evils of the great war 
will be wholly overcome it is not likely 
that the consumption of lumber will in- 
crease so markedly as was the case be- 
fore the war. Substitutes for wood are 
being used to a greater extent than be- 
fore and other factors are also working 
toward the same result. 


TRADE IN SOFTWOOD TIMBER 


A glance over the two charts present- 
ing the principal facts about the cut and 
consumption of softwood timber tells us 
that considerable trade in softwoc xd pre l- 
ucts must be carried on between the dif- 
As a matter 
of fact the region of surplus (shaded) 


ferent regions of Europe. 


sends away half of its cut, most of which 
goes to the importing regions of Europe, 
which import two-thirds of their con- 
sumption. This trade is shown graphi- 
cally in Figure 9, where the quantities 
are expressed in terms of round timber 
(without bark) corresponding to the 
trade in lumber, pulp, paper, and all other 
kinds of softwood products (mining 
timbers, ties, pulpwood, and so forth). 
In regard to surplus of exports Sweden 
first, ‘inland as a close 


ranks with 


second. Outside of Europe only Can- 
ada surpasses Sweden in this respect. 
England is by far the most important 
market and her net imports in 1925-27 
accounted for 43 per cent of the total 
net imports of all European countries. 
Taken as a whole, Europe has an ex- 
cess of exports over imports of softwood 
timber (lumber, pulp and paper, and so 
forth). 


case, as shown below, where data also 


This has not always been the 


are presented for the two groups of soft- 
wood products: pulp and paper on the 
one hand and all other products on the 
other, expressed in terms of millions of 
cubic feet of round timber. 
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1880 1900 1913 1925 1926 1927 
Total 150 300 80 +240 +300 +300 
Pulp and paper +115 +275 +315 +320 
All other 150 300 195 35 15 20 
Excess of exports over imports, ; excess of imports over 


exports, 

The imports of pulp and paper are 
rather small, amounting to about 165,000 
short tons, while the exports from Eu- 
rope of pulp and paper are very impor- 
tant. The exports of pulp are almost 
wholly of chemical pulp. In 1927 Eu- 
rope exported 1,000 million short tons, 
of which quantity 87 per cent went to 
the United States, mostly as sulphite 
pulp. The exports of paper in the same 
year amounted to practically the 
quantity, of which 19 per cent 
shipped to the States. 
tioned quantities of pulp and paper ex- 
pe ted to the United States represented 


same 
were 
The above men- 


roughly 15 per cent of the paper con- 
sumed in that country. 

‘The trade in ‘‘All other” products of 
softwood timber between Europe and 
other continents lumber and 
several kinds of round and hewn tim- 


includes 


ber, though the trade in lumber is most 
important. The imports come entirely 
from North America, while it is only 
recently that small quantities of Euro- 
pean lumber have found their way to 
the United States. These exports are 
mainly of Russian lumber, which, under 
the present conditions, is being offered at 
any price that will lead to sale. In 1927 
Europe imported 630 million board feet 
of lumber from the United States and 
Canada. In the same year Europe ex- 
ported 490 million board feet to other 
continents, mainly to Africa. To the 
United States only 40 million board feet 
were sent. 


COMPARISON BETWEEN GROWTH 
AND CuT 
It has been mentioned that the Euro- 
pean forests are, as a rule, managed ona 
sustained yield basis. This, however, is 
only a characteristic of the general atti- 
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FIGURE 10. 
in Sweden. 
survey lines, 180,000 sample trees were recorded. 


The location of the survey lines 
In the total length of 32,000 miles of 


tude of the European towards the ques- 
tion. Going into detail one finds that 
there are discrepancies between cut and 
growth, not only for the individual for- 
est unit but also for whole countries. 
As a rule these discrepancies, taken 
for whole countries, are smaller in the 
densely populated countries than in coun- 
tries with sparse population and with 
comparatively much remaining forest. 
lor the former, one might in several 
cases assume that growth and cut bal- 
ance. As for countries where such an 
equilibrium can not be assumed to exist, 
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special consideration must be given to 
cut and growth in each case. 

An important contribution to our 
knowledge of the growth has been ob- 
tained through the recently completed 
general surveys of the forests of Nor- 
way, Sweden, and Finland. 
veys have been made as strip surveys, 


These sur- 


after the reliability of low percentage 
surveys had been proved through a 
preliminary strip survey of Varmland 
county in Sweden in 1911 (area of 4.8 
million acres). In this way almost ex- 
act knowledge has been won of the stand 
of timber, growth, and so forth, on a 
productive forest area of 138 million 
acres, corresponding to 21 per cent of 
the forest area of Europe and 42 per 
cent of the forest area outside of Russia. 
There are also more or less accurate es- 
timates for certain other countries some 
of which might be used. The census of 
the cut in the forests of Germany in 1927 
may be used as an approximate figure 
for the growth, as cut and growth prob- 
ably do not differ very much from each 
other in that country. It should be 
noted that the census of 1913 gave the 
same figure for the cut of softwood tim- 
ber per acre as was obtained in 1927. 
The growth of a few remaining coun- 
tries has to be estimated on the basis of 
the aforesaid knowledge. Only the net 
growth of softwood timber has been cal- 
culated, that is, 
waste and decay in the forests. 


with the exclusion of 
The 
figure thus obtained is to be compared 
with the figure given above for the cut. 
On account of the incomplete knowledge 
of the Russian forests these should not 
be included in the comparison. 

For the period about 1925-27 the net 
growth of softwood timber in Europe 
outside of Russia in this way is calcu- 
lated at about 4,400 million cubic feet 
(without bark, not including firewood). 
The corresponding cut was about 5,100 
million cubic feet, thus leaving a cut over 


growth amounting to about 700 million 
cubic feet. 

A closer study of European forest 
conditions reveals that the growth of 
softwood timber is increasing. This in- 
crease probably is rather slow, though it 
is further to be noted that growth can- 
not be increased indefinitely. After a 
country, through practicing forestry, has 
reached a fair level in regard to the yield 
of timber further gains will be won more 
slowly. Probably the greatest increase 
of growth in the near future will be ob- 





FIGURE 11. 
silvestris, in southern Sweden. 
now rare in that part of the country because of a 


A 200-year-old pine forest, Pinus 
Such stands are 


fairly dense population. The Russian pine 
forests, similar in appearance to this stand but 
much more dense, are of vast extent and consti 
tute the main reserve for European demand. 


tained in Scandinavia and Finland, where 
the practice of forestry is still young, 
although fairly common already. In 
this connection it should be mentioned 
that an interesting contribution to the 
truth of this statement was obtained 
through the renewed strip survey of 
Varmland county in Sweden in 1929, 
this county having been surveyed once 
before by the same method in 1911. In 
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this eighteen year period the total growth 
had increased 37 per cent. Fourteen per 
cent of this increase was due to the in- 
Other factors have 
also contributed (periodic changes in 
climate, and so forth), but on the whole 
this example shows that much can be 


crease of the stand. 


won in the way of increased growth in 
countries where the practice of forestry 
is new and commonly applied. 

On the other hand, the cut is also in- 
creasing, both for the still somewhat 
growing demand of softwood products 
in Europe and for the increasing exports 
to other continents, mainly pulp and 
paper, to the United States. 
mentioned tendency to an increase of 
the growth will probably not be enough 


‘The above 


to outweigh the present surplus of cut 
over growth and the tendency to a fur- 


Thus it will 
be necessary in the future to draw more 


ther increase of the cut. 


upon the resources of Russia, as the sup- 
plies, especially of saw-timber, will grad- 
ually diminish in certain tracts of Europe 
outside of Russia. The knowledge of 
the Russian forests, incomplete as it is, 
seems to indicate that they will consti- 
tute an ample reserve for the needs of 
Ikurope for a long period to come and 
probably forever, if managed with care. 
At present this reserve of timber is flood- 
ing European markets with cheap lum- 
ber, thus causing considerable difficulties 
to the other lumber exporting countries 
of Europe which are, in consequence, 
bound to reduce their output. This will, 
on the other hand, bring about a better 
balance between growth and cut in Eu- 
rope outside of Russia. 
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PART V 


INDIA: 


REGIONAL 


DESCRIPTION 


Samuel Van Valkenburg 


Hk regional description of India 
is based upon the natural divi- 
sions, just as have been the pre- 


ceding parts of Asia. The natural 
regions are subdivided into minor 


divisions that bring out the more local 
agricultural characteristics. 

very description of India recognizes 
three distinctive regions: the mountain 
frame, the Indus-Ganges depression, and 
Plateau. Of the mountain 
frame only the Himalaya system is left 


Deccan 


for discussion, because the western and 
eastern borders have been dealt with in 
the treatment of the Near East and 
Karther India. <A triangular section in 
the northwest between the Salt Range 
and the high mountains is considered a 
special region because of its physio 
graphic boundaries. The Indus-Ganges 
Plain is separated into the Ganges and 
the Indus sections, to avoid too many 
The Thar 
as a region of extreme dryness 1s also 
considered separately, although it be 


subdivisions for one region. 


longs physiographically, for the greater 
part, to the Indus-Ganges syncline. The 
Deccan is divided into the Deccan lore 
land, a transitional region, the Munda 
Mountain and the Deccan 
proper, while the Western Ghats as a 


region, 


long narrow mountain zone are impor 
tant enough to constitute a distinct sec 
tion. The coastal plains form two other 
regions: one in the east and one in the 
west. Finally the island of Ceylon is 


treated as a unit. 


LITERATURE 


Regional deseriptions of India are 
found in many books of which only two, 
both of recent date and of very high 
quality, Asia by L. Dudley Stamp, and 
Asie des Moussons by Jules Sion, are 
mentioned in the accompanying list. 
Agricultural experts, English as well as 
Indian, have written a large number of 
valuable publications; the list includes 
studies of the 
United Provinces, Punjab, Gujarat, and 
the Deccan. 


Bengal, Bihar-Orissa, 
Very valuable material is 
contained in the studies by Miss Ethel 
Simkins on Plateau and the 
coastal plain, while two excellent coastal 


Deccan 


studies came from the Geography School 
of the University of Wisconsin. The 
Norbert Krebs, 
visited India recently, and a number of 


German geographer, 


articles have appeared as a result of this 
voyage; those on the Nilgiri Hills and 
southern India, especially, contain valu 


able information. 


regional Iinally, 


Miss Elsie Cook has written a geog 
raphy of Ceylon, which fills a great need 
in the lack of exact information on that 
island. 


Stamp, L. Dudley. Asia, pp. 248-371. 
Sion, iv Aste des Voussons. Vol. i. pp. 
277-347. 


Saha. K. 8B. 


Calcutta: 


Economics of Rural Bengal. 
Chuckervertty, Chatterjee Co., 


1930. 

MePherson, Sir Hugh. The Indian Prov 
ince of Bihar and Orissa. Scottish Geo 
graphical Magazine, 1931. (This article 


is more general than the other agricultural 
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The variety of physical conditions in a latitudinal extent of almost 30° gives rise to a 


corresponding variety of agricultural methods and products, all essential to the subsistence of India’s 


dense population. 


studies, but it proved to be very valuable.) 

Morison, T. The Industrial Organization 
of an Indian Province. London: John 
Murray, 1906. 

Darling, M. L. The Punjab Peasant. Ox- 
ford University Press, 1925. 

Rusticus Loguitur. 
versity Press, 1930. 

Muktyar, C. C. Life and Labor in a South 
Gujarat Village. London: 
Green and Co., 1930. 

Mann, Harold H. Land and Labor in a 
Deccan Village. Oxford University Press, 
1917, 

Simkins, Ethel. The Agricultural Geography 
of the Deccan Plateau of India. 


Oxford Uni- 


Longmans, 


Geo- 


graphical Teacher, Suppl. No. 2, 1927. 
London: George Philip. 
The Coast Plains of South India. 


Economic Geography, 
Numbers 1 and 2. 

Strain, Warren. The West Coast of India. 
Journal of Geography, Jan. 1932. 

Staats, J. Riley. India East Coast. 
of Geography, Mar. 1932. 

Krebs, Norbert. Das Hochland der Nilgiri. 
Geographische Zeitschrift, 1933, No. 1. 

Das siidlichste Indien. Zeitschrift 

der Gesellschaft fiir Erdkunde zu Berlin, 
1933, No.7 & 8. 

Elsie K. A Geography of Ceylon. 

London: Macmillan, 1931. 


1933, Volume 9, 
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Cook, 
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THE HIMALAYAS 


The world’s greatest mountain wal] 
rises abruptly from the flat lowlands of 
the Foot- 


hills and lower border ranges disappear 


Indus-Ganges depression, 
in the vista of high glaciated mountain 
peaks that on favorable days can be 
seen by the plains inhabitants. ( )pposed 
to the inflow ing moist summer monsoons 
the mountains have a heavy precipitation 
in the form of rain and snow, especially 
in the eastern part. Here the dense. 
luxurious, but unhealthy, tropical type of 
forest is succeeded above 5,000 feet by a 
more temperate but stil] evergreen type 
in which the oak prevails. Coniferous 
forests dominate above 9,000 feet, while 
still higher, rhododendrons grow in pro- 
fusion and alpine meadows border the 
snow fields and glaciers. 
Towards the drier west the 
changes. 


picture 
The forest is much more of a 
xerophytic type, preferring the north- 


facing slopes with their protection 
against the sun, while the southern 
slopes are covered with grass or are 


bare. 

Except in the west, the sparse popula- 
tion has come from Tibet and not from 
India, as the Many passes provided easier 
access from the north than the unhealthy 
swamps of the foothill section favored 
migration from the south. Life in this 
region is nomadic, and the milpa type of 
agriculture prevails, Transhumance js 
frequent in the higher zone where the 
women look after the grain and fodder 
crops while the men follow the herds of 
sheep and yaks along the alpine grass 
lands. Intermontane such as 
that of Nepal, offer possibilities for more 


basins, 
intensive crop raising, and well terraced 
rice fields and other crop lands contrast 
with 
ment. 
Gurkha, 


peasant population. 


the forested mountain environ 
The Tibetan 


rules 


conquerer, the 


here over the Nepal 


Very different is the c mdition in the 
famous Kashmir Basin. 
from the west has been easier, and the 
population is Indian. 
fruits combine Indian 
nean types. 
basin with its numerous Waterways on 
Which house boats float, 


Here access 


The crops and 
with Mediterra- 
The scenic beauty of this 


its well cared- 
for rice fields and fruit gardens, and its 
frame of snow-capped mountains, has 
been described by many visitors as one 
of the world’s most beautiful spots. 
Taken as a whole the influence of 
White man on this region has been small. 
The native Mongolian states are still 
almost independent, and only in Sikkim 
do we see European tea gardens which, 
snoW covered in winter, 
world’s 


produce the 
most delicately flavored tea. 
The heat of the Indian 
tated 
jeeling for the eastern 


plains necessi- 
some climatic refuge, and Dar- 
part and Simla 
for the western have become mountain 


resorts low- 


easily reached from the 
lands, and have since become world fa- 
healthful sanctuaries. The 
Kashmir Basin, connected by a motor- 
car road with the Indian lowland, also 


mous as 


reflects the European influence. Yet 
the extraneous influences are only 
slight. Even the fertile basins and val- 


leys of Kashmir, Nepal, and Bhutan do 
not greatly disturb the general panorama 
of forested mountains and flower-coy- 
ered meadows practically untouched by 
man. 


THE SuUB-HIMALAYAS 


foothills border the 
Himalaya mountain system, 
known under different 


On the south, 
They are 
names; for in- 
stance, the Terai in the east, a sequence 
of undulating hills and swampy depres- 
sions; and in the west the geologically 
famous Siwalik Hills. Difference in 
length and intensity of the rainy season 
makes it necessary to distinguish a wet 


eastern and a dry western division. 
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The eastern part with its heavy rains 
is covered by a dense jungle, the para 


dise of the tiger and wild buffalo. 
Unhealthful human occupancy, it 


constituted until recently an almost unin- 


for 


habited zone in which only the richness 


of fuel and (the sal—Shorea 
is here the typical lumber 


tree) attracted the lowland inhabitants. 


timber 
robusta 


But increasing density of population on 
the plains directed attention toward the 
section, and in some parts, especially in 
the United Province, the Terai has been 
cleared of its forests, and crop land re- 
places the former miasmatic marshes 
and jungles. North of Bengal the so- 
called Dooras has been utilized for tea 
gardens, now an important factor in In- 
dia’s tea production. 

The western part is much drier and 
the forest is a dry monsoon type with 
the dhak replacing the sal as the most 
valuable tree, and with bamboo becom- 
ing important. The healthful, rigor- 
ous, mountain climate has attracted the 
inhabitants of the adjacent lowlands, 
and now most of it is made productive, 
with rice fields along the valleys. 
is the chief food ere Pp, with millets, fod- 
der, and grain subordinate. The lower 
Himalayan slopes adjoining the Punjab 
are now so well populated that they 
could have been considered a part of the 
Punjab region except for the contrast 
between the flat lowland plains and the 
rolling hills. 


NORTHWEST INDIA 


Separated by the Salt Range from 
the Punjab and framed by high moun 
tains along its other borders, North 
west India is a rounded triangle which 
differs sufficiently from the more south 
ern plains to be taken as a separate 
region. 

Indus River with its flood plains di 
vides this area into two parts: the east 


and the west. ‘The eastern part is a 


Corn 


sandstone plateau; politically it still be- 
longs to the Punjab, but its rocky sur- 
face contrasts strongly with the alluvial 
stoneless soils of the Punjab proper. 
The climate is probably the best of In- 
dia—cool winters and not too hot sum- 
mers; but the rainfall in this mountain- 
surrounded region is deficient, and only 
millets can be grown. Irrigation has 
not been developed. 

The western part reveals higher re- 
lief : hilly tracts, offshoots from the Af- 
ghanistan mountain border, are sep- 
arated by plains which, with their river 
irrigation, are oases in an otherwise dry 
environment. Peshawar with its large 
fields of wheat is a good example of this 
The differ- 
ence between the plains inhabitants, with 
their irrigated crop fields and fruit gar- 


type of oasis agriculture. 


dens, and the surrounding mountain 
tribes is most pronounced. Frequent 
raids have occurred up to the present 
time and Khyber Pass, with its strong 
military defense, is symbolic of this 
everlasting struggle. 
THE GANGES-BRAHMAPUTRA 
REGION 

The river deposits from the Himala- 
yan Mountains, and, in a minor way, 
also from the Deccan Foreland and the 
Chota Nagpur, and the wide synclinal 
depression between the Deccan and the 
mountain frame, have formed a lowland 
plain through which the silt-laden wa- 
ters of the Ganges and Brahmaputra 
flow slowly to their outlet, where they 
combine in the deposition of 
Delta. 

The great lowland plain is subdi- 


Bengal 


vided into the three Ganges regions, 
namely the Delta, the Middle, and the 
Upper Ganges. The Brahmaputra Val- 
ley is considered separately. The rea 
sons for the subdivisions are partly 
physiographic (for the Delta and the 
Brahmaputra Valley), and partly chi 
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matic, as precipitation decreases rapidly 
from the Delta towards the west, and 
the 
accordingly. 


type of land utilization changes 

Taken as a whole the region repre- 
sents one of India’s chief agricultural 
sections where rainfall and fertile soils 
have combined to make it an area of 
very intensive land use, while the den- 
sity of population (700 per square mile 
for the entire Ganges Plain) is only 
rivaled, or possibly surpassed, by some 
other plains with similar climatic condi- 
tions in the Far East. 


THe DeLta ReGIon (See Map) 


Four different types of land can be 
recognized: the rolling uplands, the old 
delta, the young delta, and finally the 
sundarbans, that part of the delta immie- 
diately joining the Gulf of Bengal. 


DELTA REGION 


MIDOLE 
GANGES 
REGION 


MADHUPUR: 
VAYUNGLE” 


FIGURE 2.—The delta region, of particular 
significance to India in the production of rice and 
sugar, is of especial interest to the world because 
of its monopolistic production of jute. (Map 
after L. Dudley Stamp.) 


THE ROLLING UPLANDS 


The rolling uplands—in which, of 
course, the name upland is used rela- 


tively in contrast to the very flat river 





plains—and the delta, represent the 
older part of the land between the rivers 
and the approaching surrounding mas- 


sits (Chota Nagpur, the Sub-Himala- 


yan region, and Assam Hills). The 
red, leached soils are infertile, and 
jungle covers many of the ridges. 


Only the intervening depressions and 
slopes where irrigation can be applied 
are intensively cultivated with rice. 
The so-called Madhupur jungle south 
of Assam Hills is still unproductive ex- 
cept for a few basins, while in the Bar- 
rind, north of the Delta, the jungle has 
been cleared and the land made produc- 
tive. 

THE 


OLD DELTA 


Constantly shifting eastward the delta 
distributaries have left the western part 
a land of old river remnants, some of 
them still water from the 
Ganges, but many left as long narrow 


deriving 


swamps of which some have been trans- 
formed by drainage into fertile rice 
lands. ‘The general level of the land is 
higher than that of the river floods, and 
the all-important rice crop is grown with 
the help of abundant rainfall. 


THE PRESENT DELTA 


It is the present delta, the land around 
the Ganges-Brahmaputra outlet that is 
the most productive. Here the sum- 
mer floods cover the land almost com- 
pletely, leaving upon their retreat a layer 
of fertile silt. 
marshes 


Except in some large 
which the flood water 
cannot be drained easily, all available 
land is used for the cultivation of rice 
and jute, followed by secondary crops 

often rice, and mustard, pulses, and 
tobacco. 


from 


During the summer the whole 
region looks like an enormous lake, with 
only small groups of houses surrounded 
by fruit trees, and with bamboos along 
the higher levees and on artificially- 
built elevations. 


Similar conditions 
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also 


are found along Surma_ River 
which leads to the tea district of Sylhet, 
south of Assam Hills. 


THE SUNDARBANS 


The Sundarbans comprise a jungle 
swamp intersected by countless water- 
ways that finally break the land up 
into coastal islands on the coastal pe- 


riphery. The dense forest in which 
game is abundant possesses value as 
timber and firewood for the inland 
towns. Mangrove grows in the old 


delta section, but is replaced by other 
types of coastal vegetation in the east 
because of the great amount of fresh 
water brought by the delta rivers. 


THE BRAHMAPUTRA VALLEY 


As the map on the percentage of crop 
land (page 112, Vol. 9, No. 2) shows, 
the relative importance of cultivated 
lands drops suddenly along the Valley ; 
yet the rainfall is abundant and the wide 
river track has fertile soils. It seems 
that the Mongolian population, invaders 
from the dry plateaus of Central Asia, 
never adjusted themselves to their new 
climatic environment; they could not 
control nature; instead they are being 
dominated by it. Dudley Stamp points 
out that 48 per cent of the area is still 
waste land, showing potential possibil- 
ities for a much denser population and 
higher agricultural production. 

The Brahmaputra with its braided 
stream course is bordered by many 
swamps, but the land farther away is 
used for rice which, as in Bengal, con- 
stitutes the main, and almost sole, food 
crop. From crowded Bengal a con- 
stant inflow of people into under-popu- 
lated Assam takes place ; before long the 
valley will lose its unproductive char- 
acter, and intensive cultivation will ex- 
tend from the delta far up the Brah- 
maputra Valley. 
when Assam became one of the great 


A new era was begun 


tea producers. ‘Tea gardens now cover 


large sections of rolling land, espe- 
cially between the Brahmaputra and 
Assam Hills. Labor must be imported 
from elsewhere. 


THE MIDDLE GANGES REGION 


Ganges River divides the region into 
two parts: the wide rather flat area be- 
tween the river and the Himalayan foot- 
hills, and the more narrow southern part 
which rises gently from the river to- 
wards the Deccan. The Ganges itself 
flows in a wide trough, filling it entirely 
at high water, but fluctuating at other 
inter-stream 


times, leaving banks on 


which, during the winter season, rich 


crops can be grown. 


THE NORTHERN SECTION 


\ precipitation of approximately 50 
inches, higher towards the delta and 
lower towards the east where decreasing 
rainfall forms the boundary of the re- 
gion, makes rice cultivation everywhere 
possible. Distinction can be made be- 
tween the younger alluvial soils along 
the rivers and the older soils of the inter- 
river sections, the so-called doabs. The 
many branches of the Ganges on the 
Himalayan side cross this plain, and 
their river beds, bordered by natural 
levees, lie generally above the level of 
the plain. Embankments in many 
places strengthen the levees, but during 
the flood season the rivers, swollen be- 
cause of the heavy rains and the melting 
snows on the mountains, break through 
occasionally and flood large sections, 
ruining sometimes the summer crops— 
although the rice can stand a great deal 
of water if the flood period is limited 
and the water can be drained 
ing also a fertile layer of silt. 


-but leav- 

The fol- 
lowing winter crop, therefore, often 
Only 
Kosi River, which carries infertile sand 
instead of silt, forms a real disturbance. 


makes up for the summer loss. 
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Old abandoned river channels and 
swamps are typical for the region, but 
up to 70 per cent of the land is cultivated 
and the whole plain presents a picture 
of rich agriculture. 

Three types of crops can be recog- 
nized: first, an early crop, chiefly maize, 
but sometimes a quick-maturing rice 
harvested in October; second, the great 
rice crop which is ready at the end of 
the year; and third, a regular winter 
crop, including wheat, barley, pulses, 
and oil seeds, reaped 1n the spring. 

Rice, both in acreage and in food im- 
Wheat as 
a winter crop increases in significance 


portance, easily ranks first. 


towards the west where winter showers 
along the foot of the mountains add 
valuable moisture. The rotation, rice- 
wheat, is not continuous, but 1s separated 
by a fallow period. Barley replaces 
wheat where the growing conditions 
result of 
less fertile soils or less winter rain, and 


are less advantageous, a 
sometimes too high moisture for wheat. 
Flax is the most typical oil-producing 
crop in the winter season and sesamum 
in summer. Corn as a summer crop is 
often a part of a system of double crop- 
ping, as it can be followed ‘by a winter 
crop. 

THE 


SOUTHERN SECTION 


This is the direct continuation of the 
rolling uplands described with the Delta 
In the lee of the Chota Nag- 
pur the rainfall is less. 


Region. 
The soils are 
also older and less fertile, but irrigation 
can be supplied by the many rivers and 
add greatly to the amount of cultivated 
land. Son River, especially, is used for 
that purpose and Son canals protect an 
area of 600,000 acres against the dan- 
gers of drought. Rice here, too, is the 
chief crop. 


THE Upper GANGES REGION 


No physiographic border exists be- 


tween this and the preceding region; the 
division is based upon the decrease in 
precipitation which, on the border line, 
is approximately 40 This 
amount west 
and northwest where the region merges 
into the dry Indian desert. 


inches. 
diminishes towards the 


The sep- 
aration from the Indus region is made 
more for the sake of convenience than 
for physiographic or climatic contrasts. 

Like the preceding region the relief 
is flat, 


base of erosion raises the general level 


but greater distance from the 


slightly higher and there is a more 
marked difference between the river val- 
Soils 
are fertile, as may be expected from the 


leys and the doabs between them. 


limited rainfall, and land utilization has 
been adjusted to climate, or extra water 
has been provided for by wells, tanks, or 
big irrigation projects. 

The summers are very hot and the 
monsoon rain comes rather late. The 
winters are cold and pleasant, while win- 
ter showers add to the moisture left in 
the soil after the retreat of the rain- 
bearing winds of the summer monsoon. 
Non-irrigated crops are millets and 
barley, with wheat and corn increas- 
ing in importance towards Himalayan 
Mountains where the higher rainfall 
would have justified a special submon- 
tane district, as with the Indus region. 

Irrigation becomes of outstanding im- 
portance and, taken as a whole, 36 per 
cent of the crop land is irrigated. Wells 
for this purpose are numerous as the 
ground water level is near the surface, 
but even more is done by a system of per- 
ennial irrigation canals, which generally 
get their water supply from the main 
rivers at the point where they leave the 
mountains. The chief systems are those 
of the Ganges and Jumna, while a new 
system from Sarda River is in construc- 
tion. In this way the land around the 
Ganges-Jumna Rivers has become a 


garden of production. Double crop- 
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ping is usual, with rice and corn the 
summer, and wheat and barley the chief 
winter crops. Wheat leads both millet 
and rice as the main supply of food. 
Cotton and sugar cane are raised under 
irrigation. The cotton does not attain 
the importance it has in the Punjab, but 
sugar cane finds its best development. 
Chick peas, rape, and fodder crops com- 
plete this picture of agricultural abun- 
dance; 75 per cent of all the land is un- 
der cultivation. 

From the point of view of scenic 
beauty the region is rather unattractive, 
especially in early summer when the 
scorched land is waiting for the rains. 
Except around the villages no trees 
break the monotony of the plain. Only 
along the northern part does the moun- 
tain wall with its green forested slope 
and snow-covered summits stand out on 
clear mornings. 


THE INDUS REGION 


The Indus part of the Indus-Ganges 
lowlands contains the Punjab, that 
means the land of the five rivers (Jhe- 
lum, Chenab, Ravi, Bias, and Sutlej) 
and the low Indus section for which the 
name Sind is used. The Punjab is sub- 
divided according to climatic conditions 
and the degree of irrigation. 


THE PUNJAB 


In this flat, river country where 
only the inter-river lands (doabs) rise 
slightly above the level of the river val- 
leys, climate becomes of outstanding im- 
portance in understanding the agricul- 
tural conditions. This Punjab climate 
is very hot in early summer before the 
monsoon brings relief, but the winters 
are cool (about 60° I.) and night frosts 

The precipitation 
comes mainly in summer, but shallow 


are not uncommon. 


cyclonic storms traveling from west to 
east along the foot of the Himalayas 
bring showers in winter time and add 


greatly to the economic value of the land. 
The amount of precipitation is highest 
along the foot of the mountains and de- 
creases rapidly towards the southwest. 


SUBMONTANE PUNJAB 


A zone with a rainfall of 30 to 40 
inches borders the mountains. Darling 
says of it: ‘‘ The tract in its richness re- 
calls the plain of Lombardy, and as in 
Lombardy the Alps are always in sight ; 
so are the Himalayas and nothing could 
be more beautiful than the long line of 
their glittering crests seen across a sea 
of wheat.” 

Rainfall is sufficient for the growth 
of wheat—using the moisture left from 
the summer monsoons as well as the 
winter showers that add substantially. 
The winter temperatures resemble those 
of the summer in the wheat-growing re- 
gions of western Europe. The high 
ground-water level makes it easy to use 
the well water whenever needed, and the 
whole zone gives an impression of water 
abundance. wheat, cotton, 
corn, and millet which do well, rice can 


be raised on the river flood plains; the 


Besides 


villages are surrounded by fruit gardens 
(especially the mango tree) and sugar 
cane plots. 
TRANSITION PUNJAB 

The next zone forms the transition 
from the well-watered piedmont to the 
dry steppe of the west. Again it is best 
to quote from Darling, to whom we owe 
much of our knowledge of the Punjab: 


“ The country is as flat as the Plain of Lom- 
bardy, but far less attractive. Along the 
eastern fringe on a clear day the Himalayas 
can still be seen, with their snowy summits 
towering over the endless plain, but else- 
where there is nothing to break the monotony 
of the empty horizon. There are plenty of 
compact little villages, but with their mud- 
walled, flat-roofed houses they are hardly 
more conspicuous than a child’s sand-castles 
along the seashore, except where the minarets 








22 ECONOMIC (GEOGRAPHY 


of a the red brick house of a 
money-lender rises above the trees. Trees 
there are in plenty, sometimes clustering 
round a village or in a long thick line shad- 
ing some dusty road or cool canal, but for the 
most part they are isolated and scattered, and 
rarely grow sociably together in wood and 
grove. We miss the amenities of the coun- 
try at the foot of the hills, the gentle rise and 
fall of the earth, the dark, mysterious recesses 
of the mango grove and the sparkle of the 
occasional burn. For this the meagre rain- 
fall is mainly responsible, as it is nowhere 
more than 30 inches and drops to only 11 or 
12 in the west.” 


mosque or 


Here the perennial irrigation, de- 
scribed more in detail in the preceding 
instalments, comes strongly to the fore- 
ground, but wells continue to play an 
important part, and the rainfall, al- 
though sparse, is still sufficient for the 
growth of millets and barley. Most of 
the crop land is already irrigated and 
perennial canals, replacing the former 
flood system and extending the irrigated 
section considerably, have made it a 
most productive region where wheat and 
cotton far surpass the other crops in 
acreage and agricultural importance. 
Chick peas and rape are the main sec- 
ondary crops, while considerable space 
is given to fodder for the stock. The 
now-irrigated doab is even better off 
than the river drained zone, often en- 
dangered by floods that may destroy 
crops and property. As a whole the 
land utilization of this region resembles 
that of the Upper Ganges of which it is 
the direct continuation. 


THE DRY PUNJAB 


In this third Punjab region the rain- 
fall has dropped even below the amount 
needed by the hardiest crops, and dry 
agriculture ceases entirely. The land is 
a treeless steppe on which the nomads 
graze their stock whenever grass is avail- 
able. Wells bordered by palm trees, and 
the bare mountain wall in the west 
make a picture much more Persian than 
Indian. 


However, the summer floods of In- 
dus and Punjab Rivers aided by irriga- 
tion canals, brought to this region crop 
lands of grain and fodder. The uncer- 
tainty of the floods made farming a 
rather risky enterprise until the peren- 
nial irrigation system from the east was 
extended into this region. Prosperous 
canal colonies with their well selected 
inhabitants, surrounded by fields of 
wheat and cotton now contrast strongly 
with the brown steppe, while the Indian 
village has replaced the tents of the 
former nomads. 


SIND 

The lower Indus region is in reality 
only the river zone, as the rest belongs to 
the Thar or Indian Desert. Here we 
find the driest and also the hottest part 
of India, and even the most extensive 
type of stock- or crop-raising is only 
possible after the very infrequent pe- 
riods of rain. However, Indus River, 
carrying the drainage of a large snow- 
covered and glaciated area, floods its 
banks widely in summer, and, as in 
Keypt along the Nile, a long river oasis 
is the result. Here was established one 
of the most ancient centers of civiliza- 
tion and here, as in ancient times, inun- 
dation canals bring the flood waters over 
a large area, thus providing the basis for 
an intensive type of land utilization. 

Wheat still prevails in the north, 
while jowar and rice are the main crops 
farther south. Cotton is the main com- 

As in Egypt with the 
Assuan Dam, English engineers have 
constructed the Lloyd or Sukkur Bar- 
rage in order to make irrigation peren- 
nial and increase the arable lands. It 


mercial product. 


serves an area of 714 million acres and 
may make this region one of India’s 
most intensive agricultural sections ; the 
future of cotton, especially, is good. 
The Indus delta itself is a waste land, 
flooded in summer by the distributaries 
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and by the sea which is swept inward by 
the the 
coastline. 


monsoon; 


mangroves border 


THE THAR 

The Thar or Indian Desert is not a 
true desert, for only in some sections 
around the lower Indus particularly 
the precipitation falls below 5 inches, and 
these lands consequently remain unpro- 
ductive except where wells bring some 
water to the surface locally. The other 
portions of the region, with more than 
5 inches of rainfall, have a vegetation 
not so characteristic of a true desert. 
The surface of the Thar is generally flat 
with the exception of isolated hills rep- 
resenting the last remnants of the sunken 
Deccan Foreland. Sand prevails and 
vast sections in the drier west are cov- 
ered with shifting sand dunes, while in 
the east the higher precipitation and re- 
sulting scrub vegetation keep the sands 
more fixed. In years with little or no 
rainfall, the Thar is a waste land, al- 
though the ground water level, so typi- 
cal for the geosyncline between the 
mountain frame and the Deccan, is in 
many places near enough to the surface 
to be reached by wells. In such places 
little oases develop that resemble those 
of Persia by the type of crops raised and 
by the type of people who inhabit them. 
But when it rains, which is not infre- 
quent as the precipitation over most of 
the region varies between 10 and 15 
inches, a grass-flower carpet covers the 
formerly bare sandy surface, and herds 
of sheep and camels graze, while meager 
crops of barley and bajri grow. In this 
way the Thar is more of a steppe, where 
economic life expands after the summer 
rains but contracts when the moisture 
has evaporated. The very warm sum- 
mer temperatures make life rather un- 
pleasant (Jacodabad has a June mean 
temperature of 99°), but the winters are 
cool and refreshing. 


The former island of Cutch resembles 
neighboring Kathiawar with its nucleus 
of hills and surrounding plains, but it is 
much drier. Nevertheless Sivewright 
describes how the hills, receiving more 
precipitation, are beautifully wooded 
and the isolated hillocks rising above the 
plains are usually clothed with vegeta- 
tion, while there are jungles of babul 
trees. Peepal and banyan trees are 
common in the villages. The Ran, sep- 
arating Cutch from the mainland, was 
in the time of Alexander the Great a 
wide stretch of water, but the advancing 
deltas of the Indus and the rivers of 
Kathiawar in the east have almost en- 
tirely filled it. 

THE 


DECCAN FORELAND 


This region is one principally of 
transition the character of which is al- 
The 
Deccan trap, the lava plateau described 
later, continues on the Malwa Plateau 
which breaks off sharply (Vindhya 
Range) at the structural Narbada Val- 
ley. Toward the north and northeast 
the Foreland dips gradually under the 
young deposits of the Indus-Ganges de- 
pression. 


ready shown by its physiography. 


‘The Deccan structure comes 
once more to the surface as the long 
Aravalli Range—an uplifted block 
fore it definitely disappears under the 
sand and gravel of the Indian Desert. 
Toward the east the gneiss massif of 
Bundelkhand with its bordering escarp- 
ments the 


-| — 


resembles the structure of 
Chota Nagpur. 

Rainfall increases from west to east. 
The Aravalli marks approximately the 
location of the isohyet of 20 inches, 
while at the southeast and north the 
amount of precipitation approaches 40 
inches. The facts that the West Ghats 
no longer serve as a rain barrier north 
of the Narbada, and that the moist air 
from the west southwest flows up the 
Ganges Valley are causes for that in- 
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crease. Nevertheless, the amount of 
rainfall is generally low, and a small de- 
crease from the average may cause fail- 
ure of crops and famine for the popula- 
tion. In some sections the elevations 
help to modify the high spring and sum- 
mer temperatures, and the winters are 
very pleasant. 

The land utilization in the western 
part of Rajputana is still of a steppe 
type, combining extensive stock raising 
—great herds of sheep, goats, and cam- 
els—with the raising of crops adjusted to 
dry conditions, especially bajri and bar- 
ley. Where water is available, especial- 
ly along the mountain foot, an oasis type 
of agriculture prevails with fruit gar- 
dens, and maize as the main grain. 

The land utilization of Malwa Pla- 
teau with its fertile dark soils resembles 
that of Deccan Plateau. Jowar 
cotton are raised in the summer and 
wheat in the winter. In the western 
portion maize is rather significant, while 
in the east the wheat, raised together 
with the flax, becomes the dominating 
food crop—a product of the cooler 
winters and the retentive black soils. 
However, jowar, as in most of the Dec- 
‘an, generally is the main source of 
food, while sesamum is the oil producer. 
Rice appears only on the irrigated val- 
ley of Son River on the extreme eastern 
border of the region. Most of the Son 
water, however, is used for the great ir- 
rigation works on the Ganges plain. 

Taken as a whole the crop land, ex- 
cept in a few sections, is not so impor- 
tant as that farther north and farther 
south. The map (p. 112, Vol. 9, No. 
2) shows the large wedge of crop land 
below 40 per cent, extending all along 
the Foreland, separating the densely cul- 
tivated Ganges Valley from the agricul- 
turally-important Deccan proper. 


and 


THE MUNDA REGION 


With this name is associated the large 


area in the northeast of the Deccan— 
a mountain section which, as the result 
of a rather heavy rainfall, is still mainly 
forest covered. The name is taken from 
the ethnology of the region because the 
Munda people of ancient origin could 
maintain themselves in their forest sanc- 
tuary, and form an ethnological island 
comparable to that of the Basques on 
the Iberian peninsula. 

In the large region where elevation 
makes the climate cooler, the rolling up- 
lands, partly forested, but on the higher 
portions rather open and covered with 
scrub and grass, provide favorable con- 
ditions for nomadic (milpa) agriculture, 
with maize and millet as main crops, 
and stock raising; and the native tribes 
stand physically head and shoulders 
above similarly isolated groups along 
the West Ghats and in Ceylon. This 
primitive, but at the same time, vigor- 
ous, type of free life did not continue 
untouched by the surrounding regions 
of dense population and the claims of 
modern civilization. Timber (sal) was 
cut in order to supply the neighboring 
markets along the rivers ; and, especially, 
the Mahanadi extensive rice cultivation 
extended into the railroads 
traversed it and in many places the in- 
habitants were forced to give up their 
nomadic life and to migrate. Many of 
them did find work on the tea gardens 


area, 


of Assam and were appreciated because 
of their superiority to the local natives 
in their ability. The existence of abun- 
dant coal (the best coal mines of India 
are here) and iron ore soon developed 
The 
big Tata industry now stands out in a 
region where once the Munda tribes led 
their primitive life. 


modern iron and steel industries. 


The three subdivisions are based on 
physiography. The Chota Nagpur with 
its westward extension, the Central 
Plateau, is more affected by the inflow 
of modern life, but even now its low 
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density of population and small amount 
of cultivated land (rice) contrast 
strongly with the intensely cultivated 
and crowded lowlands on the north and 
east. In the Mahanadi Valley the for- 
est has been cleared for the greater part, 
and irrigated rice fields are rapidly gain- 
ing in importance. The western part, 
near Raipur, has become an especially 
important rice-producing area with a 
corresponding higher density of popula- 
tion. A deep gorge, bordered by for- 
est-clad hills rising to 2,000 feet, sep- 
arates it from the delta which will be 
treated with the east Deccan coast. 
The last subdivision, the East Ghats, is 
still mainly untouched. Quoting Dud- 
ley Stamp: “ It lies largely in the Agency 
Division of Madras, a division so called 
because it is not organized into districts, 
but is administered by Agents. The or- 
dinary law of the land is not enforced 
and the primitive tribes who inhabit 
this thickly forested country are left to 
follow their own customs as far as pos- 
sible. As yet no railroad penetrates 
this backward part of India and the 
population is less than 40 to the square 
mile.” 
THE 


DECCAN PLATEAU 


Asa natural region the Deccan proper 
is bordered on the west by the West 
Ghats, a distinctive mountain wall, and 
on the east by the steep drop towards the 
coastal lowlands and the mountainous 
areas of the East Ghats and the Chota 
Nagpur, which have been combined as 
the Munda region. In the south the 
Mysore Upland drops abruptly towards 
the Palghat depression while the struc- 
tural valley of the Narbada has been 
taken as the northern limit. 

From the physiographic point of view 
the Deccan represents an ancient massif 
which in later geological times was dis- 
tributed from its peneplain stage by up- 
lift and warping, causing the formation 


of an upland basin with high edges, 
especially in the west. Northward this 
peneplain has been broken into rifts and 
blocks, while great quantities of lava 
have been poured over its surface—the 
so-called Deccan trap. As a whole, the 
plateau slopes towards the east, and the 
river systems of the Kistna and Goda- 
vari find their source along the West 
Ghats and cross the entire plateau to 
reach the ocean on the east coast. Only 
the Narbada and Tapti in the north run 
along structural valleys in the opposite 
direction, that is, towards the Gulf of 
Cambay. 

The climate is characterized by a 
short rainy season in summer, and the 
limit of land utilization by this rather 
small amount of precipitation is even 
accentuated by the high rainfall varia- 
bility. This is the great danger zone 
of Indian agriculture, where millions of 
peasants starvation when the 
weather is not favorable and the crops 
fail. 

The rainfall minimum is in the west- 
ern portion, in the wind shadow of the 
high West Ghats. 
creases again towards the east. The 
influence of the system of 
Madras is shown by a precipitation 
maximum in September—October in the 
south-southeastern part of the plateau. 
The famous regur soils—the black cot- 
ton soils—are a result of the low rain- 
fall, and, except in Upper Madras in the 
Upper Kistna system, coincide mainly 
with the Deccan trap. The soils on the 
crystalline rocks in the east and south 
are mainly red loams, and this contrast 
between the black and red soils has been 
used as the basis for two subdivisions, 
while a third division, the Mysore Up- 
land, owes its right as a separate unit 


face 


Precipitation in- 


fall-rain 


to a higher elev+tion, even though the 
red soils extend over this region. The 
fourth subdivision along the West Ghats 
has, as a main characteristic, a higher 








26 Economic GEOGRAPHY 


rainfall which js a result of the west 
Coast precipitation that slightly Overlaps 
the mountains. 

The relief js very simple. The Dec- 
fan trap with its black soils forms a 
slightly rolling ¢ untry in which only a 
few ridges, noy covered entirely by the 
lava outflow. indicate 
sur face. 


the broken old 
The uncovered portion of the 
Deccan in the east and south shows, es- 
pecially around the 


erosion on 


river valleys, the 
the pene- 
island mountains 
(monadnc cks ), often of fantastic Shapes, 
rise sharply the 


influence of 
plain. Ridges and 
above generally flat 
surface, 

A. sparse vegetation of the 
type with 


savanna 
thorny scrub, and 
isolated StToups of trees well] adapted to 
this dry climate, 


grass, 


scenic 
monotony, and only along the rivers and 
numerous tanks do 


increase the 
palms and mango 
a more pleasant picture. 
Nevertheless the Deccan has its impres- 


trees provide 


sive moments. hen, as Krebs describes, 
“at sunset the dark Srotesque island 
mountains stand out against the red Sky 
above a wide open plain in which only a 
couple of 


acacias break the impression 


of lifelessness.” 
THE WES1 ERN 


BORDER REGION 


Higher rainfall, the absence of black 


soils, and the Possibility of irrigation, 


besides elevation, 
make up the agricultural characteristics 
of this narrow zone, 


a generally higher 


Bajri dominates 
over the otherwise Prevailing jowar. 
Wheat as a winter crop extends south- 
wards, while sugar cane and rice can be 
raised on the irrigated sections, 
and 


I ruits 
are important. while 
pulses and ground nuts do well, and the 
irrigated jJowar can be 
for the stock, 


vegetables 


used as fodder 
The soils are poorer and 
more leached, but the higher rainfall plus 
the irrigation Projects neutralizes this 
disadvantage. 


THE DECCAN BLACK SOIL REGION 


This is one of India’s best agricul- 
tural regions for the moisture-retentive 
power of the black soil makes up for the 
low amount of rainfall. Jowar and cot- 
ton during the rainy summer seas; mn and 
Wheat and flax during the winter are the 
sreat crop combinations. This is es- 
pecially the case in the north where the 
rainfall is higher 
river valleys of 


and the soils of the 
the Tapti-Purna and 
Narbada are most fertile. Because of 
the spongy character of the soil, Irriga- 
tion and tanks so typical for the rest of 
the Deccan are absent. Locally there is 
quite a contrast between the deeper soils 
in the valleys and the poor, thinner soils 
on some of the inner river ridges, such 
as the Satpura range between the Nar- 
bada and Tapti, the Ajanta ridge south 
of the Tapti, and the higher parts west 
of the city of Hyderabad. 
replaces jowar, 


There bajri 
Wheat is absent, and 
sround nuts and pulses come to the fore- 
ground. A transition between the two 
types, combining jowar and cotton with 
bajri and pulses, can be Observed in 
many places. 


THE EAS1 ERN DECCAN RED SOIL REGION 


The region has a totally different ag- 
ricultural character. The 
poorer than those in the Preceding re- 


soils are 
gion, and millets, with oil seeds (sesa- 
mum and ground nuts) remain the chief 
non-irrigated crops. But the 
country of the tanks. Which are to be 
found wherever Water is available. In 
the valleys the river 


this jis 


Water can be used 
As a result, rice there 
replaces millet as the main crop, and 
around the villages tank water 
for fruit and vegetable gardens and 
“ugar cane plots. But tanks must be 


for irrigation. 
is used 
rain is 


In this re- 
spect the large section, except along the 


and whenever 
crops fail. 


filled with rain, 
Insufficient the 
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main rivers, is still a climatic danger 
zone, where plenty of 
food. but the 
means starvation and misery. 


precipitation 


means absence of 


rain 


THE MYSORE UPLAND 


The Mysore Upland differs from the 
preceding region by its higher elevation 
and increased rainfall 
The result is interesting. 


effectiveness. 

This is the 
only part of India where ragi becomes 
the leading food crop—a result of the 
higher amount of rain. Poor soil and 
risky rainfall conditions do not yet per- 
mit the production of rice except under 
irrigation. Chick peas, a typical prod- 
uct of the Ganges Plain, come once more 
to the foreground. Around the numer- 
ous tanks rice fields and the garden type 
of agriculture prevail. 

WEST GHATS 

The West Ghats as a mountain range 
can be appreciated only from the west 
side where they rise abruptly as a mas- 
sive, thickly forested green wall. The 
drop toward the interior plateau is less 
abrupt and, of course, less high, while 
greater changes in elevation can be ob- 
served only in the south between the 
bare Mysore Upland and the forested 
slopes of Nilgiri Mountains. 

This forest cover, a product of the 
very heavy rainfall, comprises most of 
the economic value of this long, but 
narrow, region. Bamboo jungles fol- 
low the foot of the mountains, and on 
the lower slopes teak (Tectona grandis ) 
forms the most valuable economic por- 
tion of the forest. The great demand 
for teak, especially in the cities of the 
coastal lowland, forced the government 
to take control of these forests. Branch 
railroads have been constructed from 
the coast into this forest world to trans- 
port the cut timber. The teak zone 
reaches up to about 3,000 feet, and 
above that the tropical evergreen forest 
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Figure 3.—-The zebu, one of the principal 
beasts of burden in the economy of the Indian 
agriculturist, is used widely for draft purposes. 
Unbaled cotton is here on its way to market. 
(Courtesy of Ginn & Co.) 


begins, in which sandalwood and ebony 
attract the lumberman. Along the 
crest, the rolling surface at elevations 
above 6,000 feet is often open, with 
grass and a scrub vegetation, resembling 
the Mediterranean maqui. Small 
patches of trees along the valley inci- 
sions suggest that probably the forest 
cover once existed here and that man is 
responsible for the open space. Forest 
also covers the eastern slopes, but the 
leeward location is characterized by the 
open type in which again the teak pre- 
vails. 

This region as a whole, with its drip- 
ping wet forests and, ‘open grassland 
where elephants follow their own paths 
and tigers roam freely, was used as a 
refuge for the neighboring peoples dur- 
ing the frequent migrations along the 
coast or along Deccan Plateau. Small 
groups of people closely related to the 
Veddah in Ceylon by their racial origin 
as well as by their low cultural standing, 
wander about, the 
products and hunting game. 


forest 
Other 
tribes of a higher rank carry on a milpa 
type of agriculture and graze their stock 
on the grassland. 


collecting 


In this primitive environment the 
white man entered with his plantations, 
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his villas, hotels, and hospitals, and his 
winding motorcar roads. Just as in 
Ceylon, the planting of coffee brought 
him first. Later when the coffee blight 
destroyed most of the coffee estates, he 
introduced tea, cinchona, and recently 
at lower elevations, rubber. Coorg, 
Nilgiri Plateau, and Travancore Moun- 
tains are now well known for their prod- 
ucts. In these places the acreage could 
easily be enlarged if the world market 
required it. 

The low temperatures of this region, 
a result of high elevation, attracted other 
white men because of its possibilities as 
a place of recreation, a refuge from the 
scorching heat in spring and the uni- 
formly warm dampness of the summer. 
Now pleasant homes, flower gardens, 
shaded by imported eucalypti and aca- 
cias, are sprinkled over the high plateaus 
of Nilgiri and Travancore, making 
those sections small settlements of white 
men amid the surrounding millions of 
Indian natives. The structural gap of 
Palghat, often mentioned because of its 
climatic significance, separates the Nil- 
giri from Travancore Mountains, but 
similar conditions on both sides make it 
possible to include this southern section 
under the general heading of the West 
Ghats region. 

THE EAST DECCAN COAST 

The eastern coastal belt of Deccan 
Plateau is named Coromandel on the 
map, although that name is often used 
only for the coastal section of Madras. 
Cushing has given an excellent picture 
of the physiography of this plain of 
marine denudation that follows the 
steep eastern escarpment of the East 
Ghats. Island mountains, outliers of 
the escarpment, show the former exten- 
sion of the mountains farther eastward. 
This plain is slightly uplifted and tilted 
so that it dips towards the east. In gen- 
eral the zone is rather narrow, but it 


widens considerably in the south where 
it includes all of southern India east of 
Travancore Mountains. Soils are lat- 
eritic but only in sections of heavy 
rainfall are they real laterites; for the 
other parts red loams prevail. This 
denudation surface is followed by an 
alluvial coastal plain while the long 
coastal bars with their dune topog- 
raphy and elongated lagoons show that 
the immediate coast line has been re- 
cently drowned. The coastal waters 
of the Gulf of Bengal are very shal- 
low and the main Deccan rivers have 
built large deltas. Where these physio- 
graphic divisions can be used as the 
basis for the type of land utilization, the 
factor of precipitation—its amount and 
its distribution—must also be taken into 
consideration. In summer the east 
coast is on the leeward side of the Dec- 
can plateau with its high mountain 
frame, and so the rainfall is correspond- 
ingly small. Only in the northern sub- 
region is the precipitation greater, as a 
result of a shift of the summer monsoon 
from the southwest to the southeast 
caused by the inflow of air up the Ganges 
Valley towards the low pressure area of 
the Indus. The line dividing the cen- 
tral and northern subdivisions is the line 
of 40 inches of rainfall, while along the 
coast of Orissa the rainfall rapidly ap- 
proaches the high amount (80 inches) 
of the Bengal delta. 

The southern division, where precipi- 
tation is higher in amount, is also limited 
on the north by the 40-inch isohyet, but 
the precipitation comes mainly in late 
fall at the time of seasonal transition, 
when cyclonic storms in the southern 
part of the Gulf of Bengal control the 
coastal climate. This rainy season, in 
a minor way, continues into the winter 
under the influence of the northeast win- 
ter monsoon, which finally brings heavy 
rain on the east coast of Ceylon. 

These two subdivisions, both with 
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precipitation above 40 inches that is con- 
trasted in its distribution, are separated 
by a central coastal region which is only 
slightly influenced by the above-men- 
tioned rain-bringing factors and which 
shows, by its low amount of precipita- 
tion, the effect of its leeward position. 
A fourth subdivision is necessary in the 
extreme southern part of the peninsula 
where the coastal plain extends up to the 
western mountains and the area south 
of the Palghat gap is in the immediate 
rain shadow of Travancore Mountains; 
precipitation falls below 25 inches in 
some sections of this region. 

Rice is the main crop on the alluvial 
lowlands of the northern and southern 
Coromandel subdivisions. The rain- 
fall is in most parts sufficient for the 
growth and maturation of rice during 
the rainy season. In many places river 
irrigation has helped considerably in en- 
larging the rice acreage, making possible 
in some cases a second rice crop during 
the dry season. This is particularly the 
case on the delta of the Cauvery which 
is extensively irrigated. The Madras 
hinterland combines the advantages of 
fall rain with the summer precipitation 
brought by the rain-bearing winds com- 
ing through the Palghat gap from the 
southwest. 

The dune section with its scrub vege- 
tation is followed inland by the lagoon 
zone with its salt pans. The numerous 
villages are hidden under the palm trees. 
In the south the coconut dominates, 
while palmyra plantations replace the 
sugar cane fields of the north as a source 
of sugar. The uplands (the marine 
denudation plain) with their red soils 
show an entirely different aspect. Rice 
is still the favored crop wherever irriga- 
tion can be applied and, as on Deccan 
Plateau, tanks replace the big irrigation 
projects of the alluvial lowlands. Oil 
products become of especial importance ; 
sesamum is abundant, and the Madras 


hinterland is India’s most important 
ground nut region. As on the west 
coast, the villages located on the lower 
slopes where soil conditions are better 
are surrounded by spice gardens and 
sugar cane plots; but on the less fertile 
uplands millets, like ragi, replace rice, 
and grazing increases in importance. 
Where the rainfall increases, the ever- 
green forest still covers great sections 
of the country and provides timber for 
the densely populated coastal plain. 

The central subdivision differs, as has 
already been brought out, from those to 
the north and to the south because of its 
lower precipitation. Jowar, the typical 
grain of Deccan Plateau, here replaces 
the rice wherever no irrigation can be 
applied. But the deltas of the Kistna 
and Godavari with their immense rice 
fields are in this region, limiting, there- 
fore, the area of jowar to the interfluvial 
coastal sections. 

The last subdivision, the Madura re- 
gion, is, from the agricultural point of 
view, similar to Deccan Plateau. Lack 
of rain has given it a steppe-like appear- 
ance, with only groups of acacia and 


palms breaking the monotony. More 
than half of it is unproductive. Never- 


theless, its agricultural value is rather 
high. Climatic conditions similar to 
those farther north have caused large 
sections to have fertile black soils, the 
retentive value of which favors the com- 
bination of jowar and cotton. A more 
favorable distribution of precipitation, 
the interplay between the summer rain 
of the west coast and the late fall rain 
of Madras, makes it the best cotton re- 
gion of India. A rather high percent- 
age of land under rice (30 per cent of the 
cultivated area) shows the importance 
of irrigation. Tanks (6,300) and wells 
(52,000) are abundant again in this re- 
gion, and large irrigation projects have 
added greatly to the economic value. 
The Periyar project brings, by way of 
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a tunnel of more than a mile in length, 
water from the west side of the moun- 
tains eastward, and makes the Tinne- 
velli valley a garden of high produc- 
tivity. 


WEST COAST OF THE DECCAN 


As in the preceding region, a coastal 
lowland follows the entire length of the 
high edge of Deccan Plateau, here the 
West Ghats, but it differs from that 
along the east coast by its narrowness, 
and the high mountain wall dominates 
the landscape everywhere. Another 
difference is that the moist southwest 
monsoon, forced to rise over the plateau, 
brings plenty of rain so that irrigation 
is of minor importance. Only in the 
north in Gujarat is dryness a limiting 
factor, but here the whole environment 
is different, and only its location as an 
immediate continuation of the two other 
subdivisions justifies its inclusion under 
the same region. 

The Malabar coastal zone, extending 
from the southern point of India (Cape 
Comorin) up to the Portuguese colony 
of Goa, still shows the same physio- 
graphic arrangement so typical of the 
eastern coast. A row of dunes, in its 
origin a barrier beach, incloses an al- 
most continuous sequence of lagoons, 
which could easily be interconnected by 
canals to make a perfect waterway free 
from the danger of storms. Here is 
India’s greatest coconut region, and the 
picture of the little villages along the 
waterways in a forest of paim trees is 
most attractive and most nearly ap- 
proaches the layman’s idea of a tropical 
country. Coconuts are the all-impor- 
tant crop here; coconut meat and oil 
form, with rice, vegetables, and fish, the 
diet of the natives. Mats made from 
the leaves cover the roofs and floors of 
the huts, while the coir is used for the 
making of the nets for fishing in the 
lagoons or in the coastal waters. 


Beyond the lagoons spreads the allu- 
vial plain which is almost totally used 
for the growth of rice. The early start 
of the rainy season in the more southern 
part before the breaking of the real 
monsoon makes it possible in many 
places to raise two crops a year, although 
the heavy summer rain and the result- 
ing flood often limit the productive 
season. 

As or the eastern coast, a tableland 
of marine denudation separates the allu- 
vial plain from the mountain wall. The 
older soils on the plateau are leached 
by the heavy rains, and laterites prevail. 
Where agriculture is possible, ragi re- 
places rice, but a great part of the land 
is used only for the grazing of the cat- 
tle and buffalo used on the rice fields of 
the plain. In the valleys with their allu- 
vial soils, rice continues to dominate, 
while soil conditions on the slopes are 
favorable for the production of spices. 
Here, even more than on the eastern 
coast, is the spice center of India; here 
the pepper grows that once enticed the 
bold seafarers of Europe; here the betel 
leaf and the cardamon grow; here is the 
most intensive garden cultivation of In- 
dia. The native huts are surrounded 
by fruit trees, coconut palms, bananas, 
and the 
source of tapioca, wins a place next to 
rice on the diet. 


mangos, papayas. Cassava, 
Even rubber, from the 
higher mountains, extends into the sec- 
tion. 


Krebs gives for this zone of 
Travancore a relation of 35 per cent of 
the cultivated land in rice, 18 per cent in 
coconut, 26 per cent in tapioca, 7 per 
cent in pepper, and 4 per cent in rubber. 

The next subdivision, Konkan, named 
after the Konkan division of Bombay, 
misses the alluvial lowlands and their 
fringe of and The 
tableland forms in most places a steep, 
rocky coast line and the area of alluvial 
lowland is limited mainly to the river 
valleys. Only the river outlets show 


dunes lagoons. 
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the 
the 


ing 


customary picture of the south: 
dunes, the lagoons with the fish 
villages coconut 
; the 
\s the lateritic soils 
of the tableland permit only here and 


surrounded by 


trees, followed finally by rice 


fields of the valley. 


there a crop of rag or other type of 
coarse millet, they are used mainly for 
grazing, while rice remains the chief 
The rainfall, al- 
though very heavy, is limited to the pe- 


crop of the region. 


riod of the southwest monsoon, and con- 
sequently only one rice crop can be 
raised. 

The final subdivision, Gujarat, con- 
trasts greatly with the two preceding 
regions. The Tapti Valley marks the 
the West 


decreases in 


most 
(Ghats, 


northern extension of 
and the 
amount as the rain-bringing winds are 


rainfall 


allowed to go inland without much in 


terference by relief. Consequently, 


Tapti River is taken as the southern 
limit of this subdivision, marking ap- 
proximately the line of 50 inches of rain. 
It has been customary to take the more 
the 


boundary, but the plains south of Surat 


southern Damanganja_ River as 
are still mainly cropped with rice as has 
been described by Mukhtyar in his study 
The 


shallowness of the Gulf of Cambay and 


of a typical village in that region. 


the great amount of silt brought by the 
two main rivers, Narbada and Tapti, 
have resulted in a wide alluvial plain, 
thus contrasting strongly with the con- 
ditions farther south along the coast. 
The 


(Gujarat) is based on a rapid decrease 


northern limit of this division 
of rain, showing a transition towards 
the steppe of Rajputana. Included are 
also the southern and eastern parts of 
Here, es- 


pecially in the south, the alluvial plain 


the peninsula of Kathiawar. 


is more limited in size, and is followed 
by a hilly region which rises in the cen- 
ter to 4,000 feet. Most of it is mantled 
by a dense jungle in which the Indian 


ASIA 31 


lion finds his last stronghold, while tribes 
of low cultural standing live a nomadic 
type of life. Its more important val- 
leys can be used for crops and justify 
its inclusion in this agricultural subdivi- 
sion. The northern portion of Kathia- 
war in the rain shadow of the mountain 
section is too dry for ere p raising. 

The outstanding factor of Gujarat as 
an agricultural subdivision is the re- 
placement of rice by wheat, millets, and 
cotton as the leading crops, a result of 
lower rainfall. Only where irrigation 
is possible along the rivers, or by means 
of tanks or wells, is rice found; but the 
dark soils, a product of the drier cli- 
mate, with their retentive value provide 
excellent and 
wheat as food, and cotton as a commer- 
cial 


conditions for jowar 


crop. A rotation of jowar, the 
sununer crop, and wheat during the win- 
ter, with a fallow period between, is 
typical for this area. 
rainfall 


Due to a higher 
(40 inches) the cotton is of a 
much better quality (long staple) than 
that on the plateau. ‘This is one of the 
hest crop regions of India, and the dense 
population along the lowlands 
Surat to Ahmadabad show 


from 
the human 
response to favorable agricultural fac- 
tors. Moreover, the silty waters of the 
Gulf of Cambay provide ample food for 
fish and have brought a large group of 
fishermen. ‘Towards the east there is 
a rapid change from the productive 
plains to the unhealthy forested slopes 
of the Deccan Foreland, inhabited by 
primitive tribes and thinly populated. 


CEYLON 


Ceylon has been omitted in the gen- 
eral treatment of India but, as condi- 
tions are very similar to those of the 
introduction 1s 
Thanks to the complete geo- 
graphical treatment by Miss Cook, it is 


peninsula, no special 
needed. 


possible to consider the island much 
more accurately than would otherwise 
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CEYLON——NATURAL REGIONS 





FiGuRE 4.—The highlands of Ceylon deter- 
mine, both directly and indirectly, the delimita- 
tion of its natural regions. (Simplified after 
Miss E. K. Cook.) 


have been the case. Again, topography 
and climate combine in dividing the 
island into natural On the 
general map the three divisions, the sur- 
rounding coastal plain, the hills, and the 
north central upland region, represent 


regions. 


the topographic divisions, but in Figure 
4 the coastal zone is subdivided accord- 
ing to its climatic control, while a similar 
treatment of the hills has been omitted 
because it goes beyond the scope of this 
study. 
Rainfall and its distribution is, of 
course, the all-important factor. lig- 
ure 5 shows that only the northwest and 
the south-southeast have a strong de- 


ficiency in amount (below 50 inches), 


while a strip of land, running from the 
southwest coast to the eastern coast, has 
a plentiful rainfall (about 75 inches). 
On the higher mountains an amount 
While the 


quantity of precipitation is mainly a 


above 200 inches is reached. 


result of topography and _ prevailing 
winds, the distribution is caused by the 
interplay of the southwest and north- 
east monsoons, to which can be added 
the equatorial tendency of equinoctial 
maxima. control domi- 
nates on the mountains where the west 


Monsoonal 


and east sides have their maximum rain 
in Opposite seasons, and on the east 
coast, while the other lowland section 
shows mainly the regular equatorial 
double maximum. 


THE COASTLAND LOWLANDS 


The southwest coastal region is best 
known to the world traveler who touches 
Ceylon for a short stop, and tries to get 
a picture of this island from Colombo. 
‘That picture is very impressive. Along 
the sandy coast a forest of coconut 
palms forms a continuous zone, where 


coconuts and fish constitute the two 
great economic products. Farther in- 
land rice joins the coco palm. The na- 


tives’ homes, made of bamboo and palm 
mats, stand in their gardens of tropical 
fruits, and the abundant rain gives an 
impression of freshness and tropical pro 
fusion. This rice-coconut production 
the 
lower hill slopes where the terraced 
paddy fields follow the gradient of the 


extends inland and continues on 


river valleys. Altogether, this is one 
of the richest sections of tropical agri- 
culture, perhaps approached, but cer 
tainly not surpassed, by any other in the 
world. 

the 


southern, dry coastal region. 


the 
Rain- 
fall decreases below the amount neces- 


Great is contrast towards 


sary for tropical abundance and luxuri 


ance. Along the coast stand some 
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fishing villages with their palm trees, but 
immediately inland the dry jungle ap- 
pears. Only along some of the rivers 
and near some tanks can rice be raised 
under irrigation. The reason for this 
rainfall deficiency is that the southwest, 
as well as the northeast, monsoons do 
not strike the land, but blow along the 
coast, permitting only the development 
of regular convectional showers during 
Cot- 
ton has been tried out for this region in 


the period of seasonal transition. 


an experimental way, and it may be a 
solution to the problem of increasing 
agricultural production. 


THE EAST COAST LOWLANDS 


This long but narrow coastal zone 
suffers from rainfall deficiency, but the 
rainfall concentration during the season 
of the northeast monsoon is supple- 
mented by the many rivers coming from 
the inland hills. 
intricate 


Sandbars inclose an 
around 
which the native villages with their coco 


system of lagoons 
palms are grouped, while rice is raised 
on the alluvial flood plains. This pro- 
ductive zone, however, is limited to the 
immediate coast, and a marshy jungle, 
in which game is abundant but human 
occupancy rare, is found immediately 
inland from the coast. 


THE JAFFNA LIMESTONE COASTAL 


REGION 


The porous limestone accentuates the 
disadvantage of a low rainfall, and a 
dry type of forest prevails except where, 
as opposite the island of Manar, well 
known geographically as the place where 
the railroad extends up to the ferry con- 
necting with the peninsula, large tanks 
provide water for irrigation. In the 
transitional zone coconuts and _ rice 
gradually gain in importance as the rain- 
fall increases southwards. Coastal la- 
goons are interconnected by canals, as 
along the Malabar coast, and become the 
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CEYLON 
AVERAGE ANNUAL RAINFALL 


RAINFALL IN INCHES 


100-125 


125-150 





FiGuRE 5.--Monsoons, together with the 
highlands of Ceylon, constitute the main factors 
in the peculiar distribution of the island’s annual 
rainfall. 


foci of village life. Special attention 
should be given to the most northern 
portion of Ceylon, Jaffna Peninsula. 
Miss Cook states that this section is 
comparable to parts of Holland, where 
the people seem to be so much more im- 
portant than the land itself. The land 
is made productive not because of, but 


The 


in spite of, rer graphic conditions. 
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eastern coast shows, as does that farther 
south, a sequence of saline lagoons, but 
along the west side every available space 
is used for human occupancy and culti- 
As in 


southern India the palmyra palm tree 


vation. Rice is the chief crop. 
partly replaces the coconut and serves 
the same purpose: the leaves are used 
for mats while the nuts provide food 


and the timber is used for building. 


THe NortH CENTRAL REGION 


This large area of low hills and in 
tervening plains presents the agricul- 
Once it 
was very productive and the many ruins 


tural “*has been” of Ceylon. 


of large cities and the remnants of nu 
merous tanks show its former high cul 
tural standing. Political quarrels and 
war brought the downfall of this civil 
zation, and the tropical jungle finally 
conquered it completely. Only recently 
have roads brought new life to this for- 
gotten country, and the restoration of 
the 


follow. 


tank system of agriculture may 


Tue Hits 


The all-important factor in this moun- 
tain section, which rises up to 7,360 feet 
in Adams Peak, is its heavy rainfall and 
dense forest cover. 
the West but its re- 
lief is much more complex in that ridges 


In this way it re- 
sembles Ghats, 
and isolated peaks surround the rolling 
Like the 
West Ghats, it has served as a refuge, 


uplands and deeper basins. 


and small groups of people, remnants 
of former plains inhabitants driven out 
by the invaders from the north, live a 
nomadic life, with some stock raising 
and the milpa (also called chena) type 
of crop raising. In the eastern part 1s 
found, or better was found, another type 
of pe ple, the Veddah, the classical ex- 


ample of primitive culture. Those who 
remain have given up their former life 
of hunting and collecting food offered 


by nature and settled 


have down in 


villages. 

The great forest did not remain un- 
disturbed. Rice fields and coconut gar- 
dens extend from the coastal plains into 
the interior valleys and basins. <As 
early as the sixteenth century the city 
of Kandy, now so well known as a Bud- 
dhist’s place of pilgrimage and as a 
terminal of the 
from Colombo, was the capital of the 


strong state. It 


tourists’ excursions 
was around here that 
the Dutch, rulers of Ceylon up to 1796, 
which 
were finally destroyed in the last part of 
the nineteenth the 
blight. 


established their coffee gardens, 


century by cottee 

‘Tea replaced the coffee, and about 
400,000 acres are now planted with the 
that famous. It 
may be that some estates in the Dar jeel 


crop made Ceylon 
ing tea region produce the finest tea in 
the world, but on the whole Ceylon tea 
excels all others. 

Later, rubber estates the 
lower slopes and the rubber acreage 
(500,000) exceeds that of tea, although 


the value of the product is much lower. 


invaded 


Cacao, of which there are some 34,000 
acres yielding a very high quality prod- 
uct, is also important in this region. 
Summarizing this last region, we find 
a most interesting complexity of human 
use; the irrigated rice fields and villages 
hidden under palms and fruit trees, the 
carefully planted gardens of rubber, tea, 
and and the mountain 
with their luxuriant hotels, all represent 
the modern age; but still the dense for- 
est dominates most of the area and small 


cacao, resorts 


groups ot primitive pee ple continue to 
lead their nomadic life. 


THE GREAT VALLEY OF EAST TENNESSEE 
IT. C. Amick 


Lik. Great Valley oft East Ten- 
nessee 1s a segment of the Appa 
lachian Valley, which extends in 
a southwest direction from southeastern 
New York to central 
sharply outlined on the northwest by the 


Alabama. It is 


escarpment of Cumberland Plateau and 
Allegheny Mountains and on the south- 


GREAT VALLEY 
OF EAST TENN 





FIGURE 1. 
see 18 


The Great Valley of East Tennes 
a part of the Appalachian Valley lying 
between Appalachian Mountains and Alleghany 
Plateau, and it is in this section that the great 
reforestation and flood control plans are to be 
carried out. 
east by Appalachian Mountains, both 
of which are natural barriers to east and 
west commerce. This great trough or 
natural highway, is noted for its con- 
tinuity and is often referred to as one 
continuous valley, but it has different 
local names and is drained by a number 
of different 


streams. The divides be- 


tween the various streams basins are, as 
and do not 
constitute serious barriers to commerce 


a rule, low and indistinct 
that moves in a northeast or southwest 
direction. The rocks of the Valley are 
almost wholly sedimentary and, in a 
The strata 
which were originally nearly horizontal 


large measure, calcareous. 


have been folded and their eroded edges 


now intersect the surface at various 
angles and outcrop in long narrow belts. 
The topography varies with the different 
kinds of rocks, so that ridges and valleys 
of great length follow the beds of hard 
and soft strata. 

‘The Great Valley of East Tennessee 
is drained by Tennessee River and its 
tributaries and the 
most important divisions of the Appa- 


lachian Valley. 


constitutes one of 


It varies in width from 
55 miles in the northern part to 34 miles 
near the southern end. Its southeastern 


limits are defined by Appalachian 
Mountains, and its northwestern limits 
are determined by Walden Ridge, which 
the bold 
Plateau. ‘The southern limits are deter- 
mined by the divide that separates the 


waters of 


forms front of 


Cumberland 


Coosa River from those oft 
Tennessee River while the northern lim- 
its are determined by the divide that 
the waters of Holston and 
Clinch Rivers from those of New River. 


separates 


Therefore, the natural southern bound- 
ary is in the state of Georgia and the 
northern one is in the state of Virginia, 
evidence that political lines are often es- 
tablished without consideration for nat- 
ural geographic features. 


‘TOPOGRAPHY 


The topography of the Great Valley 
has the Appalachian characteristics well 
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developed; it is closely furrowed with 
valleys between parallel that 
have a northeast-southwest trend. The 
ridges differ more or less in arrange- 
ment, length, width, height, and steep- 
ness of slope. 


ridges 


Ilowever, each one is re- 
markable for the uniformity exhibited 
from end to end, a distance of more than 
a hundred miles in The 
slopes along the streams in the major 


some Cases. 
valleys are uniform and gentle, making 
travel easy in a northeast and southwest 
direction. 

The topography of the Valley may be 
The 


major ridges which are usually capped 


divided into six distinct classes. 


with resistant sandstone are called moun- 
tains. Three of these occur in the north- 
ern part and one in the southern part. 
The Powell Mountain group, located in 
the northwestern part of the Valley in 
Virginia and Tennessee, is a series of 
three parallel ridges. Clinch Mountain, 
which is the most prominent of all the 
Valley ridges, is over a hundred miles 
long and runs with an even crest line 
from Virginia into Tennessee, where it 
terminates abruptly a few miles north- 
east of Mountain 
near Knoxville, is an isolated roof-like 


Knoxville. House 
ridge that might be considered as an off- 
set segment of Clinch Mountain. The 
Bays Mountain group lies within the 
state of Tennessee, and consists of six 
sharp ridges. It from near 
Kingsport to a point several miles south 
of Bull’s Gap, a distance of about forty- 
five miles, but towards either end the 


extends 


ridges ef this group break away and it 
White Oak 
Mountain is the outstanding ridge in the 
southern part of the Valley. It appears 
near Georgetown, Tennessee and runs 


terminates ina single ridge. 


southwest into the state of Georgia. 

The second type consists of smaller 
ridges, usually of great length, some of 
which are depressed at irregular inter- 
vals along the crest, giving them a 





FIGURE 2. 
boats of this type on Tennessee River, engaged 
in the transportation of coal, ores, lumber, and 
manufactured products. 


Several years ago there were many 


notched appearance. These ridges, as a 
rule, are the results of cherty beds in the 
Knox dolomite, which weather in relief. 
This type of ridge is characteristic of 
the western and northern part of the 
Valley. 

\ third type of topography includes 
ridges of medium height that are sharp 
crested. The crests are often serrated, 
affording lines of peaks that resemble 
saw teeth. These ridges are common in 
the north central part of the Valley. 
They frequently alternate with the ridges 
of the second class and owe their charac- 
teristic form to layers of hard sandstone. 

A number of long ranges of “Red 
Knobs,” which traverse the southern 
part of the Valley, constitute a fourth 
tvpe of topography. These knobs are 
separated from each other by deep val- 
leys and as a rule are conical shaped hills 
that rise from 200 to 400 feet above the 
Valley floor. 

Broken ridges and knobs characterize 
a fifth type of topography found in 
the east and northeast part of the Valley, 
where, asarule, it follows the shale belts. 
In some places the knobs are crowded 
together without any apparent order and 
when viewed from advantageous points 
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resemble huge potato hills, set in irregu- 
lar rows. ‘These hills vary in elevation 
from 100 to 500 feet above the general 
level of the Valley floor. In places they 
are cut by narrow, labyrinthine, fertile 
valleys, which are responsible for the ex- 
pression, ‘‘ Poor man’s rich country.” 
The sixth type of topography consists 
of flood plains and terraces along the 
streams, and is present to some extent in 
all parts of the Valley. However, cer- 
tain districts have much larger areas of 
this smooth fertile land than others. 
The valleys are marked out by the ridges. 
Therefore, valleys attain their greatest 
longitudinal extent and regularity of ar- 
rangement in the western part of the 
Great Valley. Some of them extend the 
entire length of the Great Valley, with 
only slight interruptions, and vary in 
width from a few hundred yards to sev- 
eral miles. In the regions characterized 
by knobs, broken ridges, and conical 
hills, the valleys are short and irregular. 
However, when the Valley is considered 
as a whole, it 1s seen that there is a much 


te 


ros ae AIP Teh 


FIGURE 3. 
one of the main gates to the Great Valley. 
the valley through this gap. 


greater percentage of level land in the 
southern part and a larger percentage of 
rough and rolling land in the northern 
part. 

In addition to the Great Valley, there 
are outlying valleys or coves, interlocked 
with the Unaka Mountain chain and 
Cumberland Plateau. The majority of 
these coves are small; however, two or 
three have relatively large areas. They 
all have certain characteristics in com- 
mon; such as the exposure of limestone 
and a topography similar to that of the 
Great Valley. An outstanding example 
is Johnson Cove, in the northeastern part 
of Tennessee. Its valley land lies about 
2,000 feet above sea level, and is entirely 
surrounded by mountains, except for 
narrow gaps cut by streams. 

STRUCTURE 

The topography of the Great Valley is 
largely the result of the structure and 
character of the underlying rocks. The 
intense folding and faulting of the strata, 
together with subsequent erosion, have 





Cumberland Gap, cut into the Cumberland escarpment by an ancient stream, is now 
Both highways and railways, the latter by a tunnel, enter 
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resulted in the repeated outcropping of 
the several formations. They were laid 
down in estuaries of the Paleozoic seas, 
in almost horizontal layers, but tae 
earth’s crust has been shortened at right 
angles to the Valley as a result of moun- 
tain building forces. The strata were 
not able to stand this great thrust that 
apparently came from the southeast, and 
in yielding to the pressure, were bent into 
folds. 
the close folds that, with few exceptions, 
dip to the southeast and often parallel the 
bedding plains. 


great faults were developed in 


The displacement of the 
rocks along these faults is often five or 
six thousand feet and is sometimes as 
great as six oreight miles. Folding and 
faulting have crowded the rock layers, 
causing them to overlap in a fashion 
Their 
eroded surfaces outcrop in long narrow 


resembling shingles on a roof. 


belts that run in a northeast-southwest 
direction parallel to the ancient shore 
line. The unequal hardness of the out- 
cropping beds has given direction to 
erosion. Safford has stated that, “Along 
the outcrops of the rocks easily removed 
by water, such as blue limestone and soft 
shales, the valleys have been washed out ; 
but of those of sandstone, hard slated 
and flinty limestones, ridges have been 
left. All the mountains within the Val- 
ley are at least capped with hard sand- 
stones, which have protected the softer 
rocks below.” 


DRAINAGE 

The drainage of the Great Valley of 
Kast westward to Ohio 
River, thence to the Gulf of Mexico by 
way of Mississippi River. 


Tennessee is 


It is drained 
entirely by the Tennessee River system, 
which is composed of Tennessee River 
and the following major tributaries: 
Holston, Watauga, Nolichucky, Irench 
Broad, Little, Little Tennessee, Hiwas- 
see, Sequatchie, Clinch, and Powell. 
Tennessee River and its tributaries me 


MONTHLY PRECIPITATION 
AT NASHVILLE 
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FiGureE 4.—-A comparison of the amounts of 
precipitation at Knoxville and Chattanooga. 


ander irregularly through much of the 
Valley. 


are usually lined by bluffs, while fertile 


‘The convex sides of the curves 


flood plains border the concave side. 
The master stream maintains a general 
southwest direction from Knoxville to 
Chattanooga, where it leaves the Great 
Valley of East Tennessee, and sweep- 
ing past the foot of Lookout Mountain 
in picturesque Moccasin Bend, turns 
abruptly west to enter the winding gorge 
carved across Walden Ridge. [:merg- 
ing in Sequatchie Valley, it turns south 
into Alabama. 


DRAINAGE ILISTORY 


The drainage system of the Great Val- 
ley of East Tennessee has a complicated 
geologic history. The forces that carved 
the Great Valley by wearing away the 
broken and upturned edges of the less 
resistant rocks, greatly altered the drain- 
During the latter part ot 
the Paleozoic era and through the Cre 


age pattern. 


taceous period, there were three separate 
river systems that flowed in a northwest 
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direction across the present area of the 
Great Valley to the Mississippi embay- 
ment from the land mass to the south- 
east. As the land was worn down near 
the close of the Cretaceous period these 
ancient streams must have occupied great 
meanders on an almost level surface. 
The uplitt which brought the Creta- 
ceous period toa close Was accompanied 
by a slight tilting toward the southwest 
and the Great Valley was begun by dif 
The southwest flow- 
tributaries of 


ferential erosion. 
River 
were able to entrench themselves in the 


Ing ‘Tennessee 
upturned layers of soft rocks and to ex- 
tend their channels in a northeast direc- 
tion to capture by piracy the northwest 


When old 


their channels 


flowing streams. streams 


were captured were 
brought into relief, as gaps in the higher 
ridges. Cumberland and Emory gaps 
are mute reminders of the struggle of 
these 


streams to with the 


ones flowing along the outcrops of soft 


compete 


rocks. 

The uplift that gave renewed vigor 
and transporting power to the southwest 
flowing streams did not occur all at one 
time, but at four separate times, with 
long periods of stability intervening. 
The periods of stability are represented 
by flat erosion surfaces. ‘The time con- 
sumed in cutting these surfaces was 
shorter for each succeeding lower level. 
The oldest, highest, and most extensive 
the 
head waters of the main streams and is 


of these surfaces extends around 
represented by erosional remnants that 
range in elevation from 3,000 to 3,200 
feet above sea level. The second level 
is represented by Cumberland Plateau 
and the mountain ridges of the Valley 
that range in elevation from 1,800 to 
The third 
level is represented by the long ridges 
and hills of the Valley that range in ele- 
vation from 1,500 to 1,700 feet above 
sea level. A fourth level on which the 


2,200 feet above sea level. 
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major highways are located, is repre- 
sented by broad flat terraces that make 
up a great part of the agricultural land 
along the major streams. It ranges in 
200 feet above 
The streams of the Great Val- 
ley are again entrenching themselves and 
forming this 


elevation from 900 to 


sea level. 


new 
fourth level. 


terraces in lower 
CLIMATE 


‘The major tactors that determine the 


climate of a given area are: the distance 





FiGure 5. 


nessee drainage basin that has resulted from de- 
forestation. 


An example of erosion in the Ten- 


from the equator, location in reference 
to land masses and bodies of water, ele- 
vation above sea level, and location rela- 
While 


these factors are of major importance, 


tive to the major cyclonic paths. 


there are places where local topographic 
features greatly modify their effects, and 
such and modifications are 
much in evidence in the Great Valley of 
last mild 


and comparatively free from extremes. 


features 


Tennessee. Its climate 1s 
Great and sudden changes of tempera- 
ture such as occur in the Great Lakes 
states are rare, due to topography and 
the fact that the Valley does not le 
within any of the principal storm tracts 
that cross the United States. 
like 


The basin- 
structure causes a modification of 











40 ECONOMIC GEOGRAPHY 


FARM PRODUCTS 


MILLIONS OF DOLLARS 


CEREALS 


OTHER GRAINS _ 
AND SEEDS 


VEGE TABLES---= 


ALL OTHER ad 
FIELD CROPS 


FRUITS AND NUTS 


FIGURE 6. 





The value of agricultural crops of the Great Valley totalled almost $30,000,000 in 1929, 


Variety of soils and relief are the bases for a variety of farm products. 


the temperature. The ground in the 
Valley is covered with snow seldom more 
than a few days ata time. The moun- 
tains on the southeast act as a barrier to 
divert the hot southerly winds that arise 
when the pressure is high on the South 
Atlantic Coast, with the result that the 
maximum temperatures are lower than 
those beyond the mountains in any di- 
rection. Cumberland Plateau on the 
northwest retards and weakens the force 
of cold result, in late 


spring and early fall cold waves with 


waves. As a 


only moderate energy often fail to bring 
freezing temperatures into the Valley, 
though there may be killing frosts on 
the west side of Cumberland Plateau at 
The effect of to- 
pography is also shown by the direction 


the same elevation. 


of the winds, which blow principally 
from the southwest and northeast, or up 
and down the Valley. 

The winds are light as a result of the 
nearness to the mountains, the average 
velocity for the year is 6.0 miles per 
hour. ‘Tornadoes are almost unknown 
and when they have developed they were 
of short duration and little force. Ap- 
parently they are soon broken up by the 
forest covered ridges that destroy their 
The winds that blow 
from the Gulf of Mexico are warm and 


rotary motion. 


As a result, the aver- 
age annual precipitation amounts to 
48.28 inches and is favorably distrib- 


moisture-laden. 


uted, making possible the production of 
The 


winter and summer months might be 


two crops per year on a given field. 


called wet seasons, while late spring and 
early autumn are sometimes referred to 
as dry seasons. 

‘Vhe average length of growing season 
is 209 days, the last killing frost of 
spring falling on about April third and 
the first one in the fall occurring about 
October twenty-ninth. Average sun- 
shine is 57 per cent, which is enough for 
the majority of crops, but not enough 
to burn them. The climate is slightly 
cooler in the northern part than in the 
southern part of the Valley. Ina small 
way the higher latitude is responsible for 
a decrease in temperature, but the main 
reason 1s an increase 1n elevation. —Sev- 
eral of the higher coves have summer 
temperatures about the same as that of 
Denver, One high 


Shady Valley, is so cool that it has a 


Colorado. cove, 


Canadian type of flora. 


ORES 
The rich limestone soils of the Great 
Valley were originally covered with an 
excellent growth of hardwoods, inter- 
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the 
karst’ topography is best developed. 


with where 


spaced 


+. 


park areas, 
The drier sandy ridges were marked by 
scrub pines and oaks. Along the streams 
in the fertile valleys, there were giant 
trees and cane breaks, many of which 
What 


a rendezvous it must have been for the 


were covered with clinging vines. 


Indian who came to hunt! 

Ot the many trees that grew in the 
Great Valley, certain ones were associ 
ated with individual soil formations. 
The Knox dolomite soils on the cherty 
ridges were marked, as a rule, by heavy 
stands of oak, hickory, and chestnut. 
The soil of the muddy Lenoir limestone 
A vari- 
ety of large trees, including the giant 
poplars, thrived in the small valleys of 


the shale belts. 


was noted for its cedar glades. 


The chestnut reached its 
maximum growth in the acid soils of the 


glades high on the sandy ridges. Wal- 
nut, cherry, and ash trees of great 


value scattered themselves promiscuously 
The Great Valley 
was tormerly the largest walnut lum- 
ber producing district in the United 
States. 


through the forest. 


The dogwood, famous for its 
beauty in the early spring, may still be 
found in the under-growth of every 
woodlot. 

The major part of the magnificent 
forest that covered the Great Valley has 
been destre ved. It was necessary for the 
pioneers to remove enough of the forest 
to lay the foundation of an agrarian civi- 
lization, but it is impossible to justify the 
destruction of the soil and the further de- 
struction of more forest in order to ob- 
tain fresh land. A very small per cent 
of the virgin timber ever went to the 
markets. Some of it was split into rails 
for building fences, a little was used for 
farm building, but the greater part of it 
was piled into huge log heaps and 
burned, or girdled, and allowed to rot on 
the stump. ‘This type of vandalism that 


secks to destre \ the wealth of a nation in 


one or two generations has not been en- 
tirely stopped. Ridges with slopes as 


great as 20° and 30° are still cleared, 
cropped for a few years, and abandoned 
to the development of gullies. The re- 
moval of the forest causes the destruc- 
tion of the soil on the steep slopes and 
covers the fertile land along the streams 
with poor dirt. It means a slow but sure 


interference with the stream channels 
and causes an irregular flow which re- 
duces the hydro-electric possibilities and 
increases floods. According to the re- 
ports of the early settlers and trappers 
‘Tennessee River was a deep clear stream 
with a uniform flow, but due to defor- 
estation and poor farming it is now a 
muddy stream with an irregular flow, 
and its channel is filling with sand bars 
that make it a poor transportation route. 
If the steep sides of the ridges could be 
reforested and protected from fires and 
vandals, they would furnish a valuable 
supply of hard the 
power possibilities, improve the streams 


wood, increase 
as trade routes, furnish protection for 
game, and greatly add to the beauty 
of the region. 





FIGURE 7 
at intervals throughout 
Great Valley, being built at the time and as a 
result of, the large land holdings. 


Homes of this type are scattered 
the fertile belts of the 
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Wiutp LIFE 


When the white man first visited the 
Great Valley of East Tennessee, he found 
one of the prettiest and richest forest 
covered regions on the North American 
continent. ‘The trees were inhabited by 
song birds; the “ Bob White” and dove 
occupied the park areas as well as the 
Indian’s corn fields, while such migratory 
birds as wild ducks and geese floated 
leisurely on the streams during the mi- 


gratory season. 





FIGURE 8. 
developed a high grade tobacco despite the fact 
that the industry is new to the Valley. 


Careful study and selection has 


The small bison, known as the “ forest 
buffalo,” roamed through the entire re- 
gion, furnishing food, shelter, and cloth- 
ing for the Indians. A species of black 
bear that lived largely on roots and plants 
went at will through the forest. The 
mule-tail, white-tail, and black-tail deer 
furnished highly prized articles of food 
and clothing for the Indians and early 
settlers. A heavy, short-tailed species 
of the cat family, known as the “wild 
cat,” inhabited the rough mountainous 
parts of the Valley and preyed on birds 
and small animals. The red and gray 
fox, raccoon, woodchuck, beaver, opos- 
sum, mink, otter, and the weasel were 
hunted by the Indians and early trappers 
for their pelts, which found a ready mar- 


ket at the trading post. Rabbits and 


other rodents were common in the Val- 
ley, and their numbers are increasing as 
their natural enemies are destroyed. 


INHABITANTS 


Only the southern part of the Great 
Valley was inhabited by Indians when 
The re- 
mainder was a part of a great Indian 


the white man first visited it. 


game preserve that occupied a large part 
of the area between Ohio and Tennessee 
rivers. It wasa vast uninhabited wilder 
ness that abounded in game and fish. 
No country could have been better suited 
to delight the heart of a savage, vet they 
considered it too good to spoil with vil 
lages. There are remains that indicate 
amore ancient people than the Cherokees 
once inhabited the region, but they dis 
appeared leaving the forest to its animal 
life. 

ven though this area was reserved by 
common consent of the surrounding In- 
dian tribes as a great game region, the 
Iroquois, Cherokee, Creek, Choctaw, 
Uchee, Chickasaw and Shawnee Indians 
occasionally visited it on the war path, 
in pursuit of game, or as a place of re- 
treat when pursued by a superior tribe. 
Six Nations of the 
North maintained a war trail through 
the eastern side of the Valley that con- 
nected their villages with those of the 
Tellico 


The [roquois or 


Cherokees in the vicinity of 
Plains. 

The trappers and traders who came 
into the Great Valley from 1690 to 1750, 
such as 
\dair found a 
profitable commerce in skins and furs. 


Doherty from Virginia and 
from South Carolina, 


I*requently in one season the industrious 
hunter would return with pelts enough to 
bring sixteen or seventeen hundred dol- 
lars, an immense sum of money in those 
days. 

\fter the hunters and traders came 
the home builders, many of whom, upon 
hearing the glowing reports about the 


great wealth of the Valley, left their 
comfortable homes east of the moun- 
tains to seek new fortunes in the great 
West. 
small parties without any recognized 
leader and with little material wealth, but 


Many came as stragglers, or in 


they were endowed with a strong will 
power and an unconquerable determina 
tion. The majority of these hardy pio- 
who destined to lay the 
foundation for the Volunteer State, were 
of Scotch-Irish 


neers were 
Presbyterian descent, 
from Pennsylvania, North Carolina, and 
South Carolina. Some of them were 
restless because the colonies east of the 
mountains, in their estimation, were be 
coming crowded, others were looking for 
what they called religious freedom, while 
others were moving west to escape un 
just taxes levied by the colonial gover 
nors. But regardless of the colony from 
which they came or of the reasons why 
they came, they were the same hardy, 
daring, and aggressive type of men and 
women, the only type that could fight 
Indians and conquer a wilderness at the 
same time. 

The percentage « rf fe reign born pe yple 
within the Great Valley is small, and the 
great majority of the inhabitants to-day 
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are descendants of the hardy pioneers. 
In many cases, the same spirit of inde- 
pendence and fearlessness that coursed 
in the veins of those pioneers is the 
controlling influence of the community 
to-day These people are remarkable 
for their homogeneous characteristics. 
Lines that separate the social classes are 
indistinet ; and when they do exist, they 
are usually the result of wealth rather 
than of aristocracy. The majority of 
the social and economic differences in 
the communities of the Valley are related 
to the varying degrees of prosperity, 
which in most cases are the results of 
rer ye raphic location and fertility of soil. 
The fertile soils of the limestone belts 
and the productive alluvial deposits along 
the major streams, mark out the zones 
of progressive communities, in which the 
people have first class roads, good 
schools, well kept homes, and pure bred 
cattle. ‘The poor se ils of the “ Knobby 7 
shale belts and rough cherty ridges of 
the Knox dolomite, mark out the belts of 
non-progressive, poor, and isolated com- 
munities. The people who eke out an 
existence in the poorly kept homes of 
the isolated communities are of the same 


racial stock as those of the pr Tessive 


AND ASSOCIATED PRODUCTS 
MILLIONS OF DOLLARS 
8 


10 








The great value of cattle and dairy products, far in excess of the combined values of 


other livestock, reflects the large acreage devoted to hay and pasture lands. 
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districts, but are unfortunate in that they 
occupy the areas of rough topography 
and poor soil. Asarule the people from 
the backward areas make strong and in- 
telligent mill hands when given a chance 
Due to the 
facts that cotton is not an important crop 
in the Valley and that much of the arable 


to work in industrial plants. 


land has an irregular terrain that is best 
suited to diversiied farming or cattle 
raising, slaves were, as a rule, unprofit- 
able in the Valley. 
population is small, except in the larger 


Therefore, the negro 


‘The 


range in color from a light gray to a 


soils 


are noticeable. prevailing 
dark red and vary in texture from loams 
to clay loams. Many of the valleys are 
fertile and support a progressive popula 
tion, while adjacent valleys are poor and 
support a backward population. Some 
of the hilly lands are highly productive, 
while the 


northeast to the southwest along the 


others are barren. [rom 


strike of the outcropping rocks, the soils 
are remarkably uniform and occur in 


long narrow belts. This diversity in 





Ficure 10. 
not uncommon on the fertile soils of the limestone belts along which the major highways have been 
constructed 


towns where they have come as servants 


or as employees in industrial plants. 


AGRICULTURE 


The Great Valley of East Tennessee 
is primarily an agricultural district. 
Generally the productive land lies in the 
valleys and coves, while the forest and 
waste lands occupy the rugged portions 
of the Valley. 


scape presents a variety of conditions 


The agricultural land- 


closely related to soil, topography, and 
drainage, all of which depend largely 
upon the character of the underlying 
rock formations. In passing from the 
northwest to the southeast, marked va 


riations in soils and farming conditions 


A Valley home on the Lee Highway. 


Farms like this with their large dairy barns are 


the former direction and uniformity in 
the latter is the result of the parallel ar 
rangement of the underlying strata. 

The soils of the Valley may be di 
vided into four classes upon the basis of 
fertility, which largely depends upon the 
parent rock from which they are derived. 
The most productive soils of the Valley 
are those of the larger flood plains. 
They are fluvial and are not derived from 
the underlying formations, but from 
rocks farther up stream. ‘These soils 
produce large grain crops unless they 
are covered with flood waters shortly 
before harvest. 

The limestone valleys and low ridges 
are second to the alluvial soils in fertility 


THE GREAT VALLEY O! 


POULTRY PRODUCTS 
MILLIONS OF 
0 


CHICKENS 


TURKEYS 


OUCKS 


The 


the Great 


FIGURE 11 
facilities of 


excellent transportation 
Valley aid in marketing 


the poultry products in the large cities to the 


northeast. 


The most important limestone soils are 
those derived from the Knox dolomite 
about 
third of the surface area of the valley. 


formations, which occupy one 
They weather into deep, fertile, red soils, 
that are largely loams or silt loams and 
contain more or less chert. ‘The soils of 
the long cherty ridges and their assocti- 
ated spurs are less productive than the 
valley lands. In the valley soils the sup- 
ply of mitrogen and phosphoric acid is 
small, lime is fairly abundant with agood 
amount of potash. On the ridges the 
soils are deficient in all of these elements. 
Limestone outerops of secondary impor 
tance are those of the Chickamauga for- 
mation. ‘They oceur in narrow belts and 
cover less than one-twelfth of the Val- 
ley. The fertile soils derived from them 
are high in silt and clay, but have a tend 
ency to (ther 


soils are derived from the marbles and 


form clods. limestone 
miscellaneous limestones and are usually 
fertile. ‘The products of the limestone 
areas are diversified, being principally 
corn, hay, and wheat. Clover, alfalfa, 
and other leguminous crops are grown 
extensively near large cities, improved 
highways, and lime producing plants. 
Dairying and truck farming are of con 
siderable importance near the larger 
towns and cities ‘Tobacco is becoming 
important and has reached its greatest 
development near Greeneville and Knox 
ville. Cotton is grown to some extent 
in the vicinity of Chattanooga, which is 
near the northern maturity limit. 
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The soils derived from the various 
shales constitute a third type of agricul- 
tural land in the Valley. 
of the shale formations cover about one- 
third of the Valley floor. 
are less fertile and harder to maintain 
in fertility than those derived from the 
limestones. 


The outer« ps 


Their soils 


‘They are compact, shallow, 
and wash away easily, thereby increas- 
The 


crops of the shale regions are similar to 


ing the amount of waste land. 


those of the limestone valleys and low 
ridges. 

The rugged ridges and mountains con 
stitute the poorest soil type in the Valley. 
‘They support a sparse backward popula 
tion. The majority of this land is left 
to timber or waste, only a small per- 
centage being utilized for general farm 
ing, truck farming, orchards, and to 


bacco. 


Live STocK 


\n abundance of blue-grass pasture 
and water,combined with a mild climate, 
a long growing season, and suitable con- 
ditions for the production of a variety 
of feeds make the Great Valley a natural 
live stock country. TLowever, due to in 
terest in other types of agriculture at the 
present time, the development of this in 
dustry is far below that which the nat 
ural advantages warrant. 

Hlorses and mules are raised prinei 
pally for draft animals. Mules are in 
yreater demand, since they are better 
adapted to work during the summer 
feed. The 
breeding of both has declined during re 


months and require less 
cent years, due to the competition of 
automobiles, trucks, and tractors. Con 
ditions are favorable for the production 
of beef cattle, because of a mild climate, 
a long grazing season, and good local 
markets. ‘The region is also admirably 
suited for dairying. It is one of the 
oldest and best known Jersey breeding 
districts in the United States and there 
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are excellent herds of Guernsey and Fol 
stein cattle on its blue-grass pastures. 
The creamery industry has become one 
of the most important agricultural ac 
tivities in the Valley. Butter, cheese, 
and ice-cream are the primary products, 
while poultry and swine partly fed on the 


The 


Valley ranks high among the hog pro- 


waste milk are secondary products. 


ducing districts east of the Mississippi. 
A large corn crop, an abundance of 
water and shade, a mild climate, and a 
long growing season provide favorable 


conditions for the raising of hogs. <A 


MINERAL PRODUCTS 


CEMENT 


ZINC 


AY 


PRODUC T Ss 


LIMESTONE 


SAND AND 
GRAVEL 


BARITE 


FiGuRE 12.—-The variet 
all products do not 


tributed, competing favorably 


few hogs are found on practically all 
farms. In some of the more rugged 
sections the hogs are allowed to range in 
the woods and feed on acorns and roots. 
Most of the that 


market are sold in Knoxville or Chatta 


Swink are taken to 
nooga, where they do not meet the de 
mands of the local packing houses. 
Sheep are raised throughout the Valley 
but are of greater importance in the 
Most of the farms could 
support three times as many sheep as 


northern part. 


they now do, without injury to other 
kinds of live stock, provided care is ex 





(SEOGRAPHY 


ercised in grazing to prevent washing 


of the soil. Icast Tennessee occupies a 


strategic place in the production of 


spring lambs. [Farther south neither 
sheep nor lambs will ever assume 
an important position, due to the 
high summer temperatures. [ast ‘Ten 


nessee lambs can be sent to market ear 


ler than those farther north, thereby 


Sheep 
raising has been more uniformly profit 


commanding a higher price. 
able during the past twelve years than 
the raising of any other kind of live 


st¢ ck. 





of mineral products assures some activity in the Valley at all times, since 
uffer equally from the same depression factor 
with Vermont and Georgia marbles 


‘Tennessee marble is widely dis 


Both chickens and turkeys are pro 
the Great Valley. It 
leading poultry producing district in the 


duced in is the 


south and controls market prices as far 


north as New York City. Greeneville 


and Morristown are among the greatest 


yg 
poultry producing and shipping centers 
in the United States, while Knoxville is 
the largest hatchery center in the South. 
\ train load of poultry leaves Morris 
town every week for eastern markets 
and the turkey special that is loaded be- 
fore Thanksgiving and Christmas is a 
sight not to be forgotten. 
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MINERAL INDUSTRY 


The output of the mines and quarries 
of the Great Valley is important even 
though it is surpassed in value by the 
products of both farms and factories. 
The per capita production compares fa- 
vorably with that of the United States 
as a whole. ‘The mineral deposits are 
widespread and varied, the variety being 
The fol- 


lowing minerals or mineral products that 


large for the size of the area. 


are used in modern industries are pro- 
duced or can be produced in the area: 
iron, zinc, barite, manganese, bauxite, 
lead, marble, cement, and clay products, 
while copper, coal, oil, and gas are found 
in the adjoining physiographic units. 
The large variety lends a measure of sta- 
bility to the mineral industry, because all 
the products are seldom depressed at the 
same time. 

[ron minerals are very common and 
are distributed through all kinds of rocks 
of all ages. However, the deposits of 
the Valley that have been considered of 
some commercial importance are found 
in the Rockwood formation of Silurian 
age that outcrops near the foot of the 
Cumberland escarpment. The ore in 
this belt is mainly red, fossiliferous, 
oolitic hematite, known as “Clinton” ore 
and is a part of a great belt that extends 
from central New York to central Ala- 
bama. ‘The outerops are not continuous 
throughout the length of the Valley ; but, 
as a result of folding and faulting, they 
occur in narrow strips from fifteen to 
twenty miles inlength. “These ores have 
supported small furnaces along the base 
of the Cumberland escarpment in the 
vicinity of Cumberland Gap, Lalollette, 
Rockwood, Dayton, Soddy, and Chatta 
nooga. ‘They are favorably situated 
with respect to coking coal, flux, and 
transportation facilities, but due to the 
high cost of extraction, they have not 


been able to compete with Pittsburgh, 





FiGure 13. 
in the vicinity of Knoxville. 


One of the many marble quarries 


Birmingham, and other low cost dis- 
tricts. ‘The Tellico sandstone of Ordi- 
vician age, carrying red iron ore in small 
quantities, was worked for local con- 
sumption during pioneer days. 

Zine is produced in the Valley mainly 
from the mineral sphalerite, a zine sul- 
phide. The deposits that are being 
worked at the present time are located 
at Mascot, New Market, and Jefferson 
City, Tennessee. ‘The ores are found 


in the Knox dolomite formations of 


Cambro-Ordivician age. ‘The sphaler- 


ite occurs in breeciated, mineralized 
zones at various horizons, which appar- 
ently conform to the dip and strike of 
the 


duced at 


formations. Barite has been pro 
various localities, but at the 
present time the production 1s very low. 
‘The mines near Sweetwater, Tennessee, 
were the last in operation and have 
yreatlycurtailed their output. “The min 
eral occurs in brecciated zones or bedded 
veins in the Knox dolomite and in the 
residual clay that lies over this forma- 
Manganese minerals are common 
the Valley. Some 


tion. 


throughout high 
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grade ores have been reported in Ordi- 
vician limestones in the southern part, 
extending from the vicinity of Cleve- 
land, Tennessee, southward into Georgia. 
Jauxite mining has never been impor- 
tant in the Great Valley, but small 
pockets of ore are scattered through the 
region. They have been worked in a 
small way in the vicinity of Elizabethton 
and Chattanooga. Lead is found in nu- 
merous places and has been worked in 
a small way in several localities. The 
pioneers worked these deposits in order 
to secure lead for bullets. However, 
these workings have been abandoned for 
a number of years. 

The Great Valley of East Tennessee 
is one of the important marble produc- 
ing regions of the United States, rank- 
ing with Vermont and Georgia. The 
chief deposits constitute what is known 
as the “Holston” beds, which outcrop 
in approximately parallel belts over an 
area about twenty-five miles wide and 
one hundred and twenty-five miles long. 
The marble varies in color from pink to 
gray and the deeper shades of red, to 
chocolate. Light grays and pinks are 
sought at the present time while the 
darker marbles are neglected. The tex- 
ture is generally coarse and granular, 





FIGURE 14. 
ern Knoxville marble mills, shapes the quarried 
blocks into the finished product with speed and 
accuracy. 


This machine, in one of the mod- 


though some of the darker beds are often 
irregular and variegated. The marble is 
widely used on account of its density and 
resistance to staining. 

The first quarries in these beds were 
opened about 1874 in the vicinity of 
Rogersville for the purpose ot supplying 
material for the interior of the United 
States Capitol. Since then the marble 
has been used in many public and private 
buildings in Washington and other cities 
in America. Some of the marble has 
even been shipped to foreign countries. 
With the decline in the demand for the 
darker marbles the center of production 
has moved from the vicinity of Rogers- 
ville to the territory around Knoxville. 

The outcrops of suitable limestone and 
shale in the Valley favor the manufac- 
ture of cement. Up-to-date plants pro- 
duce cement in the vicinity of Kingsport, 
Knoxville, Richard City, and Chatta- 
nooga. There are other favorable loca- 
tions for plants, but the demand is not 
sufficient to justify their construction. 
Clays suitable for the manufacture of 
brick and tile are common in the area. 
Clay-working has long been identified 
It is 
an industry that is best known locally, 
yet it is profitable and affords employ- 
ment toa large number of people. The 
principal brick and tile producing cen- 
ters are Chattanooga, Knoxville, Daisy, 


with the activities of the region. 


Bristol, Kingsport, Johnson City, and 
Alcoa. The region offers opportunities 
for further development of clay prod- 
ucts, due to the fact that many deposits 
of raw materials have not been touched. 


WATER POWER 


In addition to the large amount of 
potential and developed hydro-electric 
power of the swift flowing mountain 
streams that is within easy transmission 
distance of the Valley, there are many 
other important water power possibili- 
ties. Soon after the region was settled 
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by white people the numerous swift 
streams that flow from the ridges into 
the valleys were harnessed by means of 
simple water wheels and used to grind 
meal, saw lumber, and furnish power for 
the many other local needs. However, 
the development of small steam and in- 
ternal combustion engines, with the cen- 
tralization of large lumber and _ flour 
mills, has caused many of the neighbor- 
hood water-driven mills to be deserted. 
During the early part of the present cen- 
tury several power companies obtained 
power rights at favorable locations along 
the major streams of the Valley and a 
power plant was built at Hale’s Bar, 
Shortly after the 
world war the Federal Government real- 


below Chattanooga. 


ized that if the greatest benefits were to 
be realized from Muscle Shoals, it would 
be necessary to protect and develop Ten- 
nessee River as one great unit. Con- 
sequently, the granting of power rights 
to private corporations was stopped. A 
systematic survey was then made of the 
When 


the data were assembled plans were laid 


entire Tennessee River system. 


for a development program to control 
flood, improve navigation facilities, and 
develop large quantities of power that 
could be used by industrial plants and 
cities and which would in a measure, 1n 
the completion of the program to extend 
the distributing lines into the rural dis- 
tricts, give the same conveniences to the 
When 


this great program is completed Tennes- 


farmers as to their city cousins. 


see River and its major tributaries will 
have a series of dams, pools, and canals 
that will produce cheap power, prevent 
damage on the fertile flood plains by 
controlling flood waters, and furnish 
for 
heavy freight that moves up and down 
the Valley. 

The first unit in the development of 


cheap, dependable transportation 


the Tennessee Valley project has already 
been started and construction work is 


now in progress on the Norris Dam, lo- 
cated on Clinch River about 30 miles 


north of Knoxville. The building of 
this dam will give employment to a large 
number of people of all classes and make 
it possible for many of the people from 


the backward districts to learn trades 





FiGuRE 15. 
that furnishes electricity for the aluminum plant 
at Alcoa. 


The power dam on Cheoah River 


that will be a lasting benefit to them. 
After the dam is finished, many of the 
people may secure work in industrial 
plants that will undoubtedly be attracted 
to the region by an abundance of power 
and first class labor. 


MANUFACTURING 


Manufacturing establishments of con- 
siderable variety are scattered through- 
out the Valley, due to the wide 
distribution and variety of raw materi- 
als. Chattanooga and Knoxville are the 
leading manufacturing cities, and pro- 
duce in value about two-thirds of the 
manufactured products. The concen- 
tration of industry in these two cities is 
in response to labor supply and transpor- 
tation facilities. Other important 
manufacturing centers are Kingsport, 
Bristol, Elizabethton, 
Sweetwater, 


Johnson City, 


Clinton, Cleveland, and 


Athens. 
TEXTILES 


textiles in the 
Great Valley is a comparatively recent 


The manufacture of 
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development, but the industry has made 
rapid progress as a result of favorable 
conditions. Spinning and knitting are 
the principal phases developed, but weav- 
ing, bleaching, and dyeing are increasing 
inimportance. Textile mills are located 
in practically all communities but are 
concentrated around Chattanooga and 
Knoxville. These mills attract labor not 
only from the communities in which they 
are situated but from the surrounding 
rural areas. Many workers live on 
farms and the money earned in the mills 
supplements the living obtained from the 
farm. The reasons that workers can 
live on farms 10 or more miles from the 
towns in which the mills are located are 
that (1) the roads are good, and (2) the 
climate is such that the roads are rarely, 
if ever, blocked by snow or ice. The two 
principal factors in the recent construc- 
tion of two large rayon mills at Eliza- 
bethton were a large quantity of pure 
water from a mountain spring and a suf- 
ficient supply of labor. 


LUMBER 


Lumber milling and wood working 
are among the important manufacturing 
enterprises of the Great Valley. The 
timber of the mountains and plateaus 
moves down grade by streams, railways, 
and highways, to be manufactured in the 
Valley. 
the Valley has at some time manufac- 
tured and shipped lumber in some form. 
The large woodworking establishments 
are located in or near Chattanooga, 
Knoxville, Johnson City, Kingsport, 
sristol, Newport, and Athens. Trans- 
portation routes from the wooded moun- 
tain regions focus on these cities thereby 
giving them a favorable location. 
proximity of both 


Almost every town and city in 


The 
hardwood forest 
and large markets affords the lumber 
and furniture manufacturers an advan- 
tage seldom equalled in the United 
States. 


IRON AND STEEL 


The manufacture of iron and steel 
products in the Valley is largely local- 
ized. Plows and other farm imple- 
have been made in Knoxville, 
Chattanooga, and Harriman. Boiler 
works are operated in Chattanooga, 
while stoves are produced in Cleveland 
and Knoxville. 


ments 


Mining machinery and 
construction steel are both fabricated in 
Knoxville and Chattanooga. 


ALUMINUM PRODUCTS 


The aluminum plant at Alcoa near the 
foothills of the Great Smoky Mountains, 
has an excellent location for utilizing the 
hydro-electric power generated by the 
mountain streams. The ores of alumi- 
num are mined in Arkansas and South 
America, concentrated in East St. Louis, 
Illinois, and from the concentrates the 
metal is extracted in the reduction plant 
at Alcoa, Tennessee, after which it is 
made into sheets and other aluminum 
products. 


MILLING OF WHEAT 


Wheat is rolled into flour in every city 
and large town of the Valley. It be- 
came important more than half a century 
ago, at a time when the 
duced locally. During 


grain was pro- 
the Civil War 





FIGURE 16. 
in the Knoxville marble mills. 


This type of work is also common 
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FIGURE 17. 
at the present time. 


this region furnished large quantities of 
wheat to the Union Armies, making it 
possible for them to operate successfully 
in the South. However, at the present 
time, most of the wheat is imported from 
the wheat belts west of the Mississippi. 


MARBLE 


Large quantities of high grade marble 
are quarried in the vicinity of Knoxville. 
A number of well equipped marble mills 
have been erected to saw, cut, carve, and 
finish the marble quarried in the vicinity. 
At the present time the major part of the 
output is handled by the local mills, al- 
though some rough blocks are shipped to 
other mills in various parts of the United 
States as well as to those in foreign coun- 
tries. Soon after the establishment of 
the mills, it was found necessary to 1m- 
port marble in the rough state from other 
producing centers, both foreign and do- 
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The Cove Creek section of the Great Valley about which there is so much discussion 
(Courtesy of Sehorn and Kennedy, Engineers.) 


mestic, so that the demand for various 
kinds of marbles could be satisfied. The 
finished products are shipped to con- 
tractors in the large cities of the United 
States, and to western Europe. 


MISCELLANEOUS MANUFACTURING 
INDUSTRIES 


In addition to the industries enumer- 
of importance. Some of them are lo- 
calized while others are represented by 
several plants in different parts of the 
region. The Fulton Sylphon plant at 
Knoxville makes temperature gauges 
and controls, and is the largest plant of 
its kind in the world. There are sev- 
eral canneries, the best known ones being 
located at Newport, Sevierville, Tellico 
Plains, and Clinton. Kingsport boasts 
of a variety of high grade plants, among 
which are the wood acid plant of the 








Eastman Kodak Co., a plate glass plant, 
and a book manufacturing plant of large 
size, all of which have been influenced in 
their location by favorable geographic 
conditions. 


CONCLUSION 


The Tennessee Valley is admirably 
suited for the location of manufacturing 
plants, as a result of the following fac- 
tors: (1) mild but invigorating climate, 
(2) an abundance of intelligent labor, 
(3) alarge variety and abundance of raw 
materials, (4) large quantities of high 
grade steam coal in the near-by Cumber- 
land Plateau, and (5) large amounts of 
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developed and potential water power in 
the turbulent mountain streams that are 
within easy transmission distance. The 
Norris Dam that will soon be constructed 
for flood control and power purposes, 
will offer added attractions to industries 
interested in permanent development. 
In addition the Valley affords excellent 
transportation facilities, being a natural 
trade route along which railroads and 
modern highways have been built to 
carry the products of the Valley and sur- 
rounding regions to the large eastern 
and southern markets, where some of 
them undergo trans-shipment to ocean 
liners en route to foreign markets. 





THE CITRUS FRUIT INDUSTRY OF THE 
LOS ANGELES BASIN 


Clifford M. Zierer 


I'TRUS fruits were first grown 
in southern California in the 
gardens of the Spanish mis- 

sions. Oranges, lemons, citrons, and 
limes were introduced from Mexico and 
small plantings supplied fruit for the use 
of the padrés. San Gabriel mission, 
situated eight miles east of Los Angeles 
in the upper San Gabriel Valley, had six 





FiGuRE 1.—A 
The blossoms appear in March and April and since 
about a year is required for the fruit to ripen 
one frequently finds blossoms and mature fruit 


cluster of Valencia 


oranges. 


on the same tree. 
Growers Exchange. ) 


(Courtesy of California Fruit 
acres of oranges and may be regarded as 
the founder of the citrus industry in Cali- 
fornia. The grove was planted in 1804 
and contained 400 seedling trees. Al- 
though it was not intended as a com- 
mercial planting, it clearly demonstrated 
the adaptability of the southern Cali- 


fornia environment to the citrus fruit 
industry. Some of the original trees 
produced fruit as late as 1885. 


EARLY COMMERCIAL PRODUCTION 


The success of the orchard at San Ga- 
briel stimulated the interest of the early 
inhabitants of the pueblo Los Angeles in 
orange growing. Several persons ob- 
tained a few trees from San Gabriel and 
In 1841, two 
acres of seedling trees from the mission 
were planted on the river lowland at Los 
The 
local market for oranges was very re- 
stricted but by the time the grove bore 
heavily a new outlet appeared in the gold 
fields of northern California. 


planted them in gardens. 


Angeles as a commercial venture. 


Oranges 
grown at Los Angeles and San Gabriel 
were shipped by boat to San Francisco 
and yielded annual profits of $1,000—- 
$2,000 per acre to the fortunate owners. 

During the 1850's, the original com- 
mercial planting at Los Angeles was in- 
creased to 30 acres and several new or- 
chards were established. In 1862, there 
were about 250 acres of oranges in the 
state, most of which were in the vicinity 
of Los Angeles and in San Gabriel 
Valley. 

During the first fruit-growing excite- 
ment which swept over the state during 
the late 1860's citrus fruits did not re- 
ceive much attention for the mission 
grape was regarded as the great source 
of wealth. Nevertheless, by 1870, small 
plantings of citrus fruits were to be 
found in areas believed to be favorable 
from San Redding. The 
largest development occurred in the val- 
ley and foothill district between Los 


] diego to 
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Angeles and Redlands. Southern Cali- 
fornia oranges were marketed almost en- 
tirely within the state and they met 
severe competition from Mexican and 
Tahiti fruit on the San 
market. 

During the period 1870-1890 a num- 
ber of developments took place in south- 
ern California which had a profound ef- 


Francisco 


fect upon the growing of citrus fruits. 
Chief among them was the completion of 
railways connecting California with the 
East. The first trans-continental rail- 
road (the Central Pacific) was com- 
pleted to Sacramento in 1869 and it was 
extended southward 
Los Angeles by 1876. In 1881, a sec- 
ond trans-continental railroad (the 
Southern Pacific) was completed and it 


from Oakland to 


gave southern California direct connec- 
tions with New Orleans. In 1885, the 
Santa Fe railroad was completed and 
gave increased facilities for reaching 
eastern markets. Rates on citrus fruits 
decreased from $600 to $300 or less per 
car due to the keen competition, espe- 
cially, between the Santa Fe and South- 
ern Pacific railroads. The facilities for 
shipping perishable fruits were rapidly 
improved and the limited markets of the 
Pacific coast no longer checked the ex- 
pansion of the industry. Numerous lo- 
cal railroads also were constructed in 
southern California during those years 
and acted as feeders to the trans-conti- 
nental systems. 

Passenger rates from the East were 
so drastically reduced that tens of thou- 
sands of persons visited southern Cali- 
fornia, especially during 1886 and 1887, 
which further assisted in bringing about 
a rapid development of that portion of 
the state. Some of the visitors were at- 
tracted by opportunities to engage in the 
growing of oranges and became perma- 
nent residents. In 1880, it is estimated 
that there were 1,250,000 orange trees 
in the state, of which number one-fourth 


were in bearing. By 1890 the number 
of trees had increased to 3,378,000. 

The second major development of 
those decades was the successful appli¢a- 
tion of the colony system of settlement. 
As early as 1851 the Mormons demon- 
strated the advantages of the colony sys- 
tem at San Bernardino. A large tract 
of land was purchased from the owners 
of a Mexican land grant and about 500 
persons came from Salt Lake City to es- 
tablish an agricultural outpost. The 
tract was divided into small plots, irriga- 
tion water was secured from canyon 
streams, and the immediate success of the 
community prepared the way for similar 
ones that were to follow. 

In 1857, a group of fifty Germans 
from San Francisco purchased 1,200 
acres of Mexican land 
grantee, divided it into 20-acre tracts, 


land from a 
planted wine grapes, and by community 
effort established the successful agricul- 
tural colony of Anaheim. A heavy pali- 
sade of poles had to be constructed 
around the tract in order to keep out the 
herds of cattle and horses that wan- 
dered over most of the remainder of the 
plain. 

In 1870, a tract of nearly 9,000 acres 
of land along Santa Ana River was 
secured by several eastern business men 
for the purpose of establishing a colony 
to grow semi-tropical fruits. The high 
quality of the oranges and the large prof- 
its secured from a few trees planted near 
San Bernardino during the early 1860's 
were important reasons for choosing 
Riverside as the site for the colony of 
The the 
Riverside colony was widely advertised 
and similar ventures were undertaken 
soon after 1870, among them Pasadena, 
Orange, Santa Ana, and others. In 


eastern settlers. success of 


each of those colonies oranges and lem- 
ons were grown, but raisin grapes, apri- 
cots, peaches, and other fruits were of 
much importance. 
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Several conditions in southern Cali- 
fornia favored the use of the colony sys- 
tem of settlement. The most desirable 
lands were held in large Spanish and 
Mexican grants and were not available 
to settlers under the land laws of the 
United States. Owing to the severe 
droughts of the 1860's the cattle indus- 
try had declined and land could be pur- 
chased in large tracts at low cost and 
made available in small amounts to colo- 
nists. Groups of persons or companies 
were better able to develop dependable 
supplies of irrigation water, and in some 
instances they improved the land prior to 
the arrival of most settlers. lurther- 
more, a cooperative settlement facili- 
tated intensive farming methods and was 
more likely to secure adequate means of 
transportation. In numerous instances 
persons from some eastern state or city 
were attracted to a colony because they 
could friends. ‘There 
were, for example, the Chicago colony, 
the Iowa colony, the Indiana colony, sev- 


settle among 


eral Quaker colonies, a temperance col- 
ony, and a Presbyterian colony. Land 
companies, railroad companies, irriga- 
tion companies, and speculators were ac- 
tive agents in the establishment of set- 
tlements. Thus, dozens of new colonies 
were established in southern California 
after the completion of the railroads and 
many of them have grown into thriving 
agricultural and urban communities. 
Surface water from streams was the 
type first to be developed for irrigation. 
Numerous springs or “cienegas,” issu- 
ing forth along the borders of alluvial 
cones, wherever water-bearing strata ap- 
peared at the surface, supplied irrigation 
water for several of the first fruit colo- 
nies in San Gabriel and San Bernardino 
valleys. During the 1880's several large 
water systems, depending in part on 
wells and on large artificial reservoirs 
high in the San Bernardino Mountains, 
were completed and made possible the 


irrigation of several tracts of excellent 
citrus land on the higher valley sides 
at Highlands, Redlands, Riverside, and 
Corona. 

The introduction of new varieties of 
citrus fruits, which were adapted to 
southern California conditions and 
which met with approval on eastern mar- 
kets, was another important accomplish- 
ment during the period after 1870. The 
navel orange, which promptly became 
the leading variety in the state, was in- 
troduced from Brazil to 
1873. The Valencia orange was intro- 
duced to California in 1876 from the 


Riverside in 


Azores and has in recent years become as 
important, commercially, as the navel. 
The Lisbon lemon was introduced from 
Australia in 1874 and the Eureka vari- 
ety was developed at Los Angeles from 
Sicilian seed in about 1877. In 1890, 
the Marsh seedless grapefruit was intro- 
duced from Florida and proved success- 
ful under California conditions. Those 
five varieties are now the very founda- 
tion of the citrus industry and there is no 
indication that they will be displaced 
(Figure 1). 

Although the lemon was introduced as 
early as the orange it became of commer- 
cial importance only after 1900. The 
large profits obtained from oranges 
tended to direct attention away from 
lemons for many years. lurthermore, 
the difficulties of preparing (curing) 
lemons for market made them less attrac- 
tive to the grower. When profits in 
orange production became less spectacu- 
lar due to increased production, and af- 
ter it was discovered that portions of the 
state were well adapted to lemon culture, 
that fruit promptly became important 
commercially. Grapefruit production 
became of importance only in recent 
years. 

Although many were 
planted in unfavorable locations during 
the fruit-growing “boom,” most of the 


citrus trees 
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desirable localities also were discovered. 
Frost and drought promptly sought out 
the ill-advised locations and in the vicin- 
ity of Los Angeles and Pasadena city 
sub-divisions destroyed good citrus acre- 
age. Many colonies removed plantings 
of grapes and other deciduous fruits to 
replace them with the more profitable 
In the late 1880's, for ex- 
ample, a disease killed most of the vine- 


navel orange. 


yards at Anaheim and that colony, which 
had produced wine for thirty years, 


FIGURE 2 


present California Fruit Growers Ex- 
change. ‘The early establishment of a 
successful cooperative marketing organ- 
ization had a profound influence upon 
the stabilization and growth of the 


citrus industry. 


CENTER OF INDUSTRY 


Two-thirds of the oranges grown in 
the United States (20 million boxes), 
practically all the lemons (5 million 
boxes), and four per cent of the grape- 


CITRUS DISTRICTS 
OF THE 


LOS ANGELES BASIN 


ee CITRUS DISTRICTS 





Most of the citrus fruit plantings in the Los Angeles basin are located on the higher 
margins of interior valleys and along the inner border of the coastal plain 


The principal districts 


have sharply defined margins, a difference in elevation of 100 feet often giving rise to the delimi 


tation of a citrus grove 


turned its attention to oranges and wal 
nuts. 

As a result of the extensive planting 
of citrus trees during the 1880's the pro 


duction of fruit had increased enor 
mously by 1890. Hundreds of small 
growers found it impossible to market 
their fruit at a profit in the East. The 


season of 1892—93 was exceptionally 
bad from a marketing aspect and led to 
the organization of a cooperative pack 
In 1895, 


the Southern California Fruit Exchange 


ing and marketing association. 


was developed from the earlier organi 
zation, and, in 1905, it grew into the 


fruit (1/3 million boxes) are now pro 
duced in’ California. 
275.000 


fruits in that 


Approximately 
devoted to citrus 
state and some 200,000 
persons are supported by the industry. 


acres are 


Citrus fruits have returned as much as 
$130,000,000 to California in a sing 
year and therefore are its most important 
horticultural crop. 

Although 


commercially in favorable areas between 


citrus fruits are grown 
the Mexican border, on the south, and 
Corning, 500 miles to the north, the in 
dustry has reached its greatest develop 


ment in the coastal portion of southern 


THe Cirrus FRUIT 


California. Eighty-four per cent of the 
oranges, 95 per cent of the lemons, and 
40 per cent of the grapefruit of the state 
are produced in the southern coastal 
region. The Los Angeles basin is by 
far the leading citrus growing district 
in southern California and it alone pro- 
duces about 78 per cent of the oranges, 
and 60 per cent of the lemons of the 
state. Approximately 170,000 acres of 
land are planted to citrus fruits in the 


area ('4 Valencias, 1/3 navels, 1/7 
lemons, and the remainder grapefruit 
and miscellaneous varieties). Noother 


horticultural industry of equal impor 
tance in the United States is so com- 
pactly situated and no fruit district is 
more intensively cultivated or more 
productive of wealth (Figure 2). 


PHYSICAL CHARACTERISTICS 


The Los Angeles basin is that portion 
of the southern California coastal region 
which is adjacent and topographically 
tributary to the city of Los Angeles. — It 
the 
Angeles, San Gabriel, and Santa Ana 
rivers, all of which are closely inter 


includes 


watershed areas of Los 


related iy ith as to sources of water sup 
ply and in respect to irrigable lands on 
which their waters are applied. In 


southern California a watershed area 
has unusual geographic significance be 
cause of the absolute dependence of the 
intensive type of agriculture on irriga 
tion. 


The 


area Of 3,800 square miles. 


Los Angeles basin occupies an 
It has an 
east-west extension of 110 miles and a 
width of 50 


It contains 2,200 square miles 


maximum north-south 
niles. 
of irrigable land or land suitable for 
Nearly half 
the population of California is found in 


residential development 


the basin although it includes less than 
2 per cent of the area of the state, and 
less than one per cent of the state’s water 
supply. In no part of the West has a 


INDUSTRY OF 


rHE Los ANGELES BASIN 


ui 
~~ 


limited water supply been so fully uti 
lized or an equal area of agricultural land 
made more productive. 

The Los Angeles basin is bordered on 
the southwest by the Pacific for a dis- 
tance of sixty miles. The ocean is a 
major cause for the mildness of the 
climate of the area. Summer tempera- 
tures are lower than farther inland and 
winter temperatures seldom even ap- 
Subtropical climatic 
conditions provide the first requisite for 
citrus the Angeles 


basin, thus giving it an economic advan- 


proach freezing. 


growing in Los 
tage of greatest importance and one 
possessed by few portions of the United 
States. 

The San Gabriel and San Bernardino 
mountains form a nearly continuous 
granite wall for more than a hundred 
the the 


mountains are extremely 


miles along northern side of 
The 


rugged and rise abruptly from the plains 
to elevations of 5,000—6,000 feet, with 


basin. 


individual peaks attaining heights of 
9 OOO—10,000 


Pass, elevation 3,823 


feet or more. Cajon 
forms the 
principal break in the continuity of the 


elevated fault block. 


feet, 


Near the western 
end of the range the San Gabriels sink 
3, 0O0—4 000 
feet and to about half that height at San 
l‘ernando Pass. 


to general elevations of 


the 
the 
It keeps out the 
extremes of temperature that occur on 


The high mountain wall, like 


ocean, has a marked effect upon 


climate of the basin. 


the desert plateaus to the north, and it 
serves as a windbreak to protect most 
portions of the valleys from injurious 
desert winds. ‘The mountains also col- 
lect enough rainfall from ocean winds to 
supply irrigation water for the valleys. 
Rainfall on the mountains varies from 
25—40 inches while in the coastal district 
itis 10-15 inches and along the foothills 
only 10-20 inches annually. Since the 
crest line of the San Gabriel and San 
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their 
northern margin most of their area is 
tributary to the Los Angeles basin rather 
than to Mohave Desert. 

Santa Monica Mountains, Montebello 
and Puente Hills, and Santa Ana Moun- 
tains are the local representatives of 


Jernardino mountains lies near 


the coast ranges. They extend across 
the Los Angeles basin from northwest 
to southeast and divide it into an in- 


terior coastal section. 
hills and moun 
tains paralleling the coast have eleva- 


tions of only 500—2,000 feet the ocean 


section and a 


Since most of those 


also moderates the temperatures of the 


interior section. Climatic conditions, 
however, are sufficiently different in the 
interior and coastal districts to affect 
the citrus industry in several important 
ways. 


hills 


San Gabriel Mountains with the coast 


Low ranges of connecting 
ranges divide the interior section into 
three fairly distinct enclosed basins, San 
Kernando, San Gabriel, and San Ber- 
nardino “valleys.” ‘The coastal section, 
in contrast, is one continuous plain 
for 60 Santa 
Mountains to Ana 
10—20 
miles and slopes gently toward the sea 
250 feet 


The plain is 


from 
Santa 
It has a width of 


extending miles 
Monica 
Mountains. 
from an elevation of about 
along its inner margin. 
nearly featureless, with no definite de 
limitation of areas served by the streams 
which The San 
San Gabriel, and San Bernardino valleys 


cross it. lernando, 
have elevations ranging from 2,000 feet 
along the base of the San Gabriel and 
San Bernardino mountains to 250 feet 
in the southern portions. 

The Los Angeles, San Gabriel, and 
Santa Ana rivers collect about 34 of the 
run-off from the Los Angeles basin. 
All of them have their sources in the 
San Gabriel and San Bernardino moun- 
tains and have cut narrow gaps through 
the sedimentary coast ranges on their 


way to the ocean. They, along with 
numerous smaller tributaries, have cov- 
ered the lowlands with a great thickness 
of detrital material that in many places 
is more than a thousand feet deep. 
Enormous alluvial fans and slopes ex- 
tending ten miles or more from the can- 
yon mouths have been constructed along 
the south margin of the San Gabriel and 
San Bernardino mountains. ‘They oc- 
cupy most of the floors of the interior 
valleys. Broad flat fans also have been 
constructed by each of the major rivers 
in the district. While much 
coarse material occurs near the heads of 


coastal 


the fans in the interior valleys the fans 
of the more distant coastal district are 
composed entirely of fine materials. 
smaller alluvial fans and slopes have 
been deposited around the margins of 
the coast ranges. 

Owing to the seasonal character of 
rainfall in the Los Angeles basin and due 
to its erratic nature from year to year, 
the run-off from streams is extremely 
Only winter 
rains do the rivers carry water through- 
out the length of their channels to the 


irregular. after heavy 


ocean. Three-fourths of the run-off 
occurs during the four months, January 
to April. Some water usually appears 


at the mouths of canyons but it soon dis- 
appears in the coarse gravelly deposits of 
‘The vast amount of 
alluvium covering the lowlands acts as 


the detrital cones. 


an enormous underground reservoir and 
regulates the water supply from month 
The 


overflow from the underground reser 


to month and from year to year. 


voirs of San Fernando, San Gabriel, and 
San Bernardino valleys usually appears 
at the surface in the narrow gaps cut by 
the streams through the coast ranges. 
If it is not removed for irrigation or 
domestic purposes it soon disappears 
again in the detrital material of the 
coastal area. The surplus water in the 
coastal deposits is evaporated from large 
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FIGURE 3 
tains in the background. 


tesy of California Fruit Growers Exchange.) 


areas Of marsh land that fringe the 
coast or it may enter the sea as an under- 
In both the interior and 


coastal sections thousands of wells ob 


ground flow. 


tain water from the underground reser 
voirs for irrigation and domestic use. 
Without the underground reservoirs the 
present intensive agricultural develop- 
ment of the Los Angeles basin would 
have been impossible. 

The steep and narrow character of 
most canyons and the difficulty of find- 
ing safe sites for large dams make it 
impracticable to construct reservoirs of 
sufficient capacity to store water for the 
dry season and for dry cycles of years. 
The 


been constructed in the Los Angeles and 


few small reservoirs which have 
San Gabriel river water sheds are merely 
flood and at most 
supplement the storage in the under 
ground San 


Mountains 


control reservoirs 


reservoirs Bernardino 


somewhat less dis- 
afford 


several large storage reservoirs at high 


are 


sected and opportunities for 


elevations. 
The higher mountains are sparsely 
timbered and a dense growth of chapar 





A portion of the citrus fruit district in San Gabriel Valley with the San Gabriel Moun- 


Paved highways crisscross the area at intervals of a quarter or half a mile. 
The city of Glendora, shown near the center of the picture, lies in the midst of orange groves. 


(Cour- 


ral covers most of the slopes below the 
6,000-foot level. The brush is pre Ibably 
as efficient as trees in checking run-off 
and Most of the high 
mountains are included in the Angeles, 
San Bernardino, and Cleveland national 
forests, which further reflects their im- 
portance as 


soil removal. 


critical watershed areas. 
Large quantities of snow (5-15 feet 
annually) fall on the high mountain 
areas and help somewhat in regulating 
stream flow. 

During the irrigation season and dur- 
ing dry cycles of years the water table 
throughout the Los Angeles basin is 
lowered. During the winter season and 
during cycles of wet years the water 
table rises. Obviously the draft on the 
basins may not exceed the average in- 
flow of water over a period of years 
without serious depletion. Since large 
quantities of flood water escape to the 
ocean following heavy rains attempts 
are now made to force a portion of the 
flood waters into the underground stor- 
l‘lood waters are diverted 

mouths to 


age basins. 


near canyon “spreading 


grounds” located on rocky portions of 
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the cones. There the water sinks 
rapidly into the porous material. The 
construction of hundreds of small check- 
dams in the 


checking floods along smaller streams. 


mountains has aided in 
Reclamation of vast quantities of sewage 
water which now wastes into the ocean 
would add greatly to the supply of 
irrigation water in the Los Angeles 
basin. 
DisTRIBUTION OF CiTRUs DistRICTS 
Although the occurrence of certain 
major land forms and underground 
water conditions, along with a sub-trop- 
ical climate, have made possible the 
growing of citrus fruits in southern 
California, minor variations in relief, 
climate, water conditions, and soil have 
markedly influenced the character and 
local distribution of the plantings. To 
persons accustomed to the fairly uni- 
form conditions existing over great 
stretches of the Middle West the sharp 
contrasts and definitions of California 
citrus districts are both startling and 
puzzling. A difference of a hundred 
feet in elevation frequently may be of 
greater consequence in citrus production 
than a horizontal 
miles. 


shift of a hundred 
Most of the principal districts 
have sharply defined margins and wide 


a 
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FIGURE 4. 


stretches of land between them have no 
citrus trees. In several districts solid 
plantings of 25,000 acres or more have 
been developed and scarcely a ten-acre 
plot of any other crop can be found 
(igure 3). 

Most of the citrus fruit plantings in 
the Los Angeles basin are located on the 
higher margins of the interior valleys 
and along the inner border of the coastal 
plain. ‘lhe extensive series of south- 
facing alluvial fans and slopes built up 
by streams along the base of the San 
Gabriel and San Bernardino mountains 
support the largest plantings in the in- 
terior valleys. The north-facing allu- 
vial slopes of the coast ranges contain 
smaller areas devoted to citrus fruits. 
The inner margins of the coastal plain 
tributary to the Santa Ana and San 
Gabriel rivers contain essentially all the 
citrus fruit grown in the coastal district. 
Urban development has practically 
eliminated citrus plantings in the coastal 
area tributary to Los Angeles River. 
At one time extensive citrus groves ex- 
Santa 
In a similar man- 
ner urban expansion has crowded out 


isted along the south side of 
Monica Mountains. 


most of the citrus groves from the west 
side of San Gabriel Valley. Most of 
the cultivable valley lands not devoted to 





Peet a Se 


The well kept groves of uniformly grown trees, the charm of the growers’ homes sur- 


rounded by flowers and ornamental shrubbery, and the long, straight rows of palm or eucalyptus trees 
that border the highways lend a charm to the landscape and give an impression of prosperity and 


comfort that few farming districts excel. 
are lemons. 


The dark colored groves are oranges and the lighter ones 
(Courtesy of California Fruit Growers Exchange.) 
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fruits 


citrus 


are used for deciduous 
fruits, walnuts, alfalfa, barley, and truck 
crops (ligure 4). 

The earliest centers of seedling orange 
culture were at San Gabriel, Los 
Angeles, Orange, and San Bernardino. 
The introduction of the navel variety 
brought about the development of all the 
interior districts. The growing popu- 
larity of the Valencia orange in the last 
two decades has caused an enormous ex- 
pansion of the industry on the coastal 
plain. Thus new centers of production 
appeared as new varieties of fruit be- 
came popular. 


TOPOGRAPHIC RELATIONSHIPS 

A characteristic of most citrus plant- 
ings in southern California is their prox- 
imity to ranges of mountains or high 
hills. In several places mountains at- 
tain heights of 6,000 feet or more within 
five miles of citrus groves. At times 
during the winter the mountains are 
covered with snow and afford an unusual 
Foothill 
and valley side locations usually afford 
protection against frost and undesirable 
soil conditions, and often against inju- 
rious winds. Supplies of irrigation 
water are often obtainable from canyon 
streams or 


background for citrus trees. 


sunk into the 
alluvial cones. 
Elevation above adjoining valleys is a 
requisite for good citrus land. 


from wells 


porous materials of 
Kleva- 
tion with reference to sea level does not 
matter up toa height of about 2,500 feet 
in southern California. 

In recent years citrus plantings have 
progressed to positions higher up on 
slopes and lower down on valley sides. 
The constant desire to reduce danger 
from frost and a better understanding of 
methods of hillside cultivation and irri- 
gation have given impetus to the expan- 
sion of citrus groves to higher elevations. 
While hill lands may be secured more 
cheaply than valley lands irrigation costs 


f 





FIGURE 5. 


Terraces, 10 to 15 feet wide, slope 
gently toward the hillside so as to collect storm 
water, and are also inclined longitudinally along 
the slope on a two per cent grade in order to facili- 


tate irrigation and drainage. The trees are 
planted on the outer edge of each terrace and or- 
chard operations are carried out on top of the 
terrace. 

are greater. Much terracing has been 
done on the smooth rounded slopes of 
the Puente Hills near Whittier, and 
smaller amounts near Redlands, River- 
side, San Bernardino, and San Fernando 
(Figure 5). 

Increasing ability to ward off frost 
injuries on lowlands by the use of or- 
chard heaters and the higher yields ob- 
tained from the more productive soils on 
valley bottoms have encouraged expan- 
sion towards lower elevations. Thou- 
sands of acres of producing walnuts and 
deciduous fruits on lower valley sides 
have been replaced by oranges in recent 
years at great expense. ‘There is always 
the possibil¢y that heating costs may 
prove excessive on lower lands and that 
a general freeze may at some time 
destroy the groves. 

Minor variations in topography are of 
great citrus districts 
chiefly because of their effect upon frost 
conditions. 


significance in 


The great variety of topo- 
graphic conditions in the Los Angeles 
basin makes the frost problem very 
complex. Each valley with its differ- 
ences in relief between the floor and sides 
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is a separate problem requiring detailed 
individual study. 


CLIMATIC RELATIONSHIPS 


Climate is the principal environmental 
factor restricting the commercial pro- 
duction of citrus fruits to a few small 
portions of the world. Although citrus 
fruits are native to moist tropical forests 
their important commercial production 
The 


finest fruits are produced in those local- 


is limited to subtropical regions. 


ities where the frequency and severity of 
frost sometimes endanger their exist- 
ence. Winter frosts, summer heat, and 
desert winds, however, are climatic fac- 
tors which cause great variations in the 
yields of California citrus fruits from 
year to year. 

Although frosts occur so rarely in 
many that 
they are commonly regarded as “frost 


California citrus districts 
free,” freezing temperatures occur prac- 
tically throughout the Los Angeles basin 
attimes. Even though the frost damage 
is small in most seasons, in some years 
fruit worth millions of dollars is lost 
and trees also are injured so that yields 
are reduced for several succeeding years. 
Orchard heating is now regarded as 
essential to successful citrus production 
in many parts of the Los Angeles basin 
and large sums of money are invested in 
orchard heating equipment. More than 
52,000 acres of citrus fruit or nearly 
1/3 the plantings in the Los Angeles 
basin were protected by orchard heat- 
ers in 1929. The proportion protected 
varies from about 10 per cent of the 
acreage in the costal districts to 20 per 
cent in San Fernando Valley, 35 per cent 
in the Corona-Riverside-Redlands-San 
Bernardino district, 65 per cent in the 
upper San Gabriel Valley, and 75 per 
cent in the Pomona district. 

The marked difference in night-time 
temperatures between lowlands and val- 
ley sides, due to air drainage, is the 


the location of 
citrus plantings on higher lands in the 
Los Angeles basin. Anything which 
obstructs the movement of air 
toward the valley bottom, such as a 


minor 


principal reason for 


cold 


windbreak 
planted at right angles to the slope, may 
create a “frost pocket’’, even on valley 


ridge or a dense 


sides. 
calm, clear 


nights are common in southern Cali- 


Radiation ‘“‘frosts’’ on 
fornia during the winter months and are 
successfully met by orchard heating. 
The relatively thin layer of cold air cov- 
ering the ground surface is usually 
overlain at an elevation of several hun- 
dred feet by a large mass of warm air. 
Young states that ‘‘on clear, calm days 
the surface of the ground is heated by 
the sun and through conduction and con- 
vection the overlying air in turn is 
heated to a height of several hundred 
or a thousand feet. During the night 
the soil loses its heat by radiation to the 
sky and heat is conducted from the warm 
surface layers of air to the ground until 
it becomes cooler than the air above. 
Owing to its poor conductivity only a 
relatively thin layer of air is greatly 
cooled while that at an elevation of sev- 
The 


difference in temperature between air at 


eral hundred feet remains warm. 


the surface and at higher elevations 
(temperature inversion) makes orchard 
The surface air 
when warmed by orchard heaters rises 


heating practicable.” 


until it comes into contact with the warm 
air “ceiling” thus making it necessary 
merely to raise and maintain the temper- 
ature of the lower layers of cold air 
After cold, 
windy days orchard heating is difficult 
because the height of the ceiling is great 


above the freezing point. 


and the air at higher levels is nearly as 
cold as that near the ground. 

Although frost damage is slight in 
most years and is confined to small areas 
in cold districts, at intervals of a decade 
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FIGURE 6. 
grove during the 
California Fruit Growers Exchange. ) 


An early morning view in a citrus 


frost season. (Courtesy of 


or longer severe general “ freezes”’ occur 
Such 
occurred during January 5—8, 1913 and 
January 19-21, 1922 and caused large 


losses. 


in southern California. freezes 


I‘reezes result from the influx 
of large masses of cold, dry air from the 
inter-mountain plateau region. A gen- 
eral cooling of air takes place to great 
heights in the Los Angeles basin, the 
usual daily rise in temperature does not 
occur, the temperature inversion is slight, 
and a clear atmosphere permits a rapid 
At night the 
wind tends to diminish and severe dam- 


loss of heat by radiation. 
age is likely to occur. ‘Temperatures 
drop very rapidly during a general freeze 
due to low atmospheric humidity which 
increases the difficulty of combating 
such a condition. 

Successful orchard heating is done by 
warming large volumes of air only a few 
degrees rather than by heating small 
quantities of air to high temperatures. 
A large number of small heating units 
distributed throughout the grove is es- 
sential rather than a few large heating 
units widely spaced (Figure 6). In 
some instances 75—100 heaters per acre, 
or one for each tree, are required. It 
was formerly believed that a dense cloud 
of smudge was necessary in order to 
prevent a rapid loss of heat by radiation 
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High- 


stack heaters are now preferred since 


but that has been disproved. 


they are nearly smokeless. 

Sufficient fuel must be available to 
continue the heating throughout the 
period of frost danger or all effort is 
wasted. Special grades of refined 
petroleum are most widely used for or- 
chard fuel in southern California be- 
cause they are cheap, available in large 
quantities at all times, and convenient to 
handle. Petroleum coke and briquettes 
are used in a few districts where the 
frost danger is not great. Sufficient 
storage space is provided in most citrus 
districts for two or three fillings of all 
orchard heaters and the railroads and oil 
companies are prepared to deliver hun- 
dreds of cars of fuel on short notice. 
The heaters are placed in the rows be- 
tween trees about November Ist and 
there until March. Since it 
costs about $1.20 to operate the heaters 
on an acre for one hour (or $50—-$75 per 
acre for a season) every attempt is 


remain 


made to avoid unnecessary consumption 
of oil. 

In order to provide dependable in- 
formation as to what temperatures may 
be expected each night during the frost 
season an efficient system of frost fore- 
casting has been developed by the 
United States Weather Bureau in co- 
operation with the fruit growers. Each 
evening the frost experts make predic- 
tions as to what degree of cold may be 
expected that night in all citrus districts 
and what protection will be necessary. 
That information is quickly given to 
growers throughout the citrus area by 
radio and telephone. [*rost patrol men 
are engaged throughout cold nights in 
reading thermometers exposed in critical 
situations in the citrus districts in order 
that temperature 
accurately 


conditions may be 
Automatic frost 


alarms are used by many growers to 


known. 


provide warnings of dangerous tempera- 
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tures. Packing house workers, ranch 
employees, and high school and college 
boys are recruited each winter for carry 
ing on orchard heating operations and 
are subject to call on any night when 
temperatures are dangerously low. 

The temperatures at 
are lighted (26-30° | 


which heaters 
.) vary with the 
variety of citrus fruit and with the con 
dition of the trees. Since the fruit cools 
more slowly than the air, heating is not 
begun until air temperatures are several 
degrees below the freezing point of the 
fruit. ‘The length of time during which 
a given temperature persists is as im 
portant as the minimum reached. 

The fruit of citrus trees is more tender 
than other parts except for the tender 
young growth. Orange trees are har 
dier than grapefruit trees which in turn 


are hardier than lemon trees. Grape 
fruit are least injured by cold and 
oranges are somewhat more resistant 
than lemons. Navel and Valencia 


oranges are equally resistant but Lisbon 
lemons are hardier than Eurekas. Iruit 
on the lower portion and on the outside 
of trees is most likely to be injured by 
frost. 


do more damage than later ones of equal 


karly winter frosts are likely to 


severity because trees are more active in 
growth, the fruit is younger, and grow 
ers are less prepared. Light frosts may 
be beneficial in improving the color and 
flavor of navel oranges. Since fruit in 
various stages of development occurs on 
the trees throughout the winter and since 
trees 


citrus stand 


frost fighting opera 


themselves will not 
low temperature 
tions may be necessary at intervals 


throughout the four months, November 
to Kebruary. 

Trunks of young citrus trees are usu 
ally wrapped with corn stalks, news 
papers, or other in ulating material to 
prevent frost injury 
of its ability to 
of the 


In part, because 
withstand frost, 


our o1 Seville oranye 


Some 


seedling 


are used most commonly for rootstalks 
on which to bud most varieties of citrus 
trees. 


Irrigation water is sometimes 


applied in furrows to secure some pro 


tection against frost. Numerous me 
chanical devices have been tried to keep 
air stirred in orchards or to “bring 
down” warm air from above to prevent 
frost but none have been successful. 
Successful frost fighting has a marked 
beneficial effect on the citrus industry 
‘The cit 


rus crop is so valuable that if one crop is 


and on the individual grower. 


saved from frost it frequently will pay 
for all frost fighting equipment as wella 
the cost of operation for a number of 
years. liven though 53 per cent of a 
crop in the frost year 1922 brought 90 
per cent of normal returns to the indu 

try hundreds of growers received noth 
Ing \dequate frost protection insure 
growers from complete loss of erops and 
helps to reduce great variations in pro 


Marketing 


railroad 


duction from year to year 
organizations, advertiser 


fruit) merchant consumers of citrus 
fruits, and all those dependent on the 
production and handling of the citrus 


crop are benefited by frost protection 


Minor variations of climate within 
the los Angeles basin account for the 
concentration of some varicties of citru 


fruits in certain districts and for varia 


tions in ripening periods which are of 
much iMnportance from the standpoint Ol 
\bout 95 per cent of the 
\ngeles 


are located in the interior district 


marl eting. 
navel groves of the Los basin 
» with 
the principal plantings in the Corona, 
Redlands, San 
district 


tively hot summers of 


Riverside, Bernardino, 


and Pomona The compara 
those 
favor the best development of the navel 


of the Va 


ituated on the coastal 


districts 
orange. About two-third 
lencia groves are 
plain where mild winters and cool sum 
favor that 
monthly temperatures along the coast 


mer variety. Average 


THe Cirrus FRUIT 


are 5—10 degrees cooler than in the in 
terior valleys. Nearly three-fourths of 
the lemon vroves and practically all the 
grapefruit trees of the Los Angeles basin 
the 


Lisbon lemons are most popular in in 


are located in interior districts. 
terior districts because their dense fol 


age protects the fruit against intense 


sunshine.  Icureka lemon trees are more 
open and are best suited to the coolet 
coastal Santa 


Ventura, and San Diego counties 


districts. In Barbara, 


Most 
of the lemons are yrown near the coast 

Valencia oranges mature later along 
the coast than in interior districts, thus 
enabling the growers to supply late sum 


mer markets. lemon 


gvrown near the 
coast may be harvested chiefly in spring 
and summer while those in the interior 
district 


and spring 


tend to ripen chiefly in winter 
Districts shipping a large 
proportion of their lemons in summer 
when prices are highest have a marked 
advantage over other districts. 

Since 
\nyele 


and Sacramento valleys navel oranges 


summers are cooler in the Los 


basin than in the San Joaquin 


ripen later there than in distriets 200 
100 miles to the north, and 
winter 


upply lates 


and spring demands 


(arape 
the Los 


\nyeles basin while in the San Joaquin 


fruit mature in summer in 


and Imperial valleys they mature im 


autumn, winter, and spring 


IN JURION WINDS 


During October, and De 


cember, especially, citrus groves in the 


November, 


los Anyeles basin are often seriously 
injured by hot, dry winds from the 
desert plateau ‘Those northers, 01 
‘Santa Anas” as they are called locally, 


are second only to severe frosts in then 


destructive effeets on fruit 


Similar causes underlie both phenomena 


citrus 


and strong winds and frost frequently 
take place in quick sueceession, Most 
freezes are preceded by strong north 
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winds but not all north winds are fol- 
lowed by freezes. Areas suffering most 
from desert winds rarely have severe 
frost, however, because the air is kept in 
motion. 

‘The northers occur whenever a strong 
high pressure condition develops over the 
inter-mountain plateau and a low exists 
\rizona (December 25—26, 1912; 
October 12—14, 1923). 


Over 


If the pressure 


difference is great the winds attain a 
velocity as great as 50 or 60 miles an 
hour. Usually San Gabriel Moun 


tains act as a windbreak, shutting out 


the hot, dry desert air from the Los 


\ngeles basin, except where the air 





Figure 7 
mouths 


Large tracts of rocky land near the 
of canyons have been cleared of stones 
and planted to citrus, with limited success 
While and lemon trees prefer soils of 
medium texture, it appears that grapelruit trees 
planted on light, porous, and sandy soils produce 
fruit of the best quality Miles of stone walls 
built from rock removed from such 
reclaimed for citrus groves 


oranye 


have been 
stony lands 


pours through Cajon and San Fernando 
pat c | the 
confined to narrow 


nder those conditions 


winds are usually 


belts of land and do not cause CXCESSIVE 
damage \t times, however, the winds 
pour over the tops of the San Gabriels 
and cause severe damage throughout the 
foothill belt (December 3 4, 1927: No 
1930). 


temperatures 


vember 19 21, 

High (8O—100" F.), 
low relative humidity (20 per cent or 
less), 


and cloudless skies accompany the 
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FIGURE 8. 
acid gas is released under canvas tents in sufficient 
quantities to kill the pests but not to injure the 


In fumigation work hydrocyanic 


fruit or trees. The season for fumigation varies 
with the different scales but is usually done in 
late summer, autumn, or early winter. Trees 
are fumigated only at night or on cool, cloudy 
days, since high temperatures and bright sunshine 
increase the danger of injury to the fruit and 
trees. (Courtesy of California Fruit Growers 
Exchange. ) 


winds. ‘The direction and velocity of 
the wind varies greatly from place to 
place depending on the relation to moun- 
tain gaps and on local topography. 
The storms last from one to five days 
and fluctuate considerably in their inten- 
sity since the winds are gusty in char- 
acter. The frequency and severity of 
northers are important factors in deter- 
mining whether or not it is practicable to 
grow citrus fruits in a locality. 

Large areas of land in the vicinity of 
Cajon Pass are not planted to citrus 
fruits chiefly because of the damage 
which would result from desert winds. 
In that area the sandy soil is drifted so 
deeply as to make roads impassable, and 
many houses are protected on the north 
by high board fences and dense wind- 
breaks to give some relief from the driv- 
ing sand storms. San Fernando Valley 
also suffers in the autumn and winter 
from severe northers because the moun- 
tain ranges to the north are low. Dur- 
ing the spring and summer moderate or 
light desert winds occasionally counter- 
act the usual sea breeze and bring to the 


Los Angeles basin hot, dry weather 
which injures citrus fruits. 
tures of more than 100° I 


‘lempera- 
*. and relative 
humidities as low as 5 or 10 per cent may 
last for several days, for example, June 
14-17, 1917. 
in the navel districts of interior valleys 
where much immature fruit falls from 
the trees. 


Injuries are most severe 


Being natives of humid tropical forest 
regions citrus trees have difficulty in 
maintaining their water equilibrium 
under the arid conditions accompanying 
a norther. Loss of leaves, serious in- 
jury to tender new growth, and mechan 
ical injury of fruit or its removal from 
the tree are the easily recognizable effects 
of the northers. Navel oranges suffer 


most because they are approaching 
maturity during the period of strong 
autumn winds and sometimes half the 
crop may be lost. The vitality of a tree 
may be reduced so greatly by frequent 
loss of leaves and new growth that it 
becomes unprofitable. 


Trees in interior valleys develop some 


commercially 


resistance to hot, dry winds and the 
greatest injury may occur in coastal dis- 
tricts when a severe storm affects the 
entire basin. 

Windbreaks are essential for success- 
ful citrus culture wherever strong desert 
winds occur. Rows of tall eucalyptus 
and dense cypress trees are characteristic 
Cul- 
practices that 
facilitate deep penetration of irrigation 
water and_ that 


features of many citrus districts. 
tural and irrigation 
encourage extensive 
root development are recognized as help- 
ful in reducing wind damage. Trees 
that are nourished, and 
those that are suffering from insects 


improperly 


or disease suffer more from northers 
than trees in good health. 
NECESSITY FOR IRRIGATION 
Citrus fruits are never grown with- 
out irrigation in the Los Angeles basin 








Tue Citrus Fruit INDUSTRY OF THE Los ANGELES BASIN 67 


and due to their broad-leaf evergreen 
character the trees are not economical in 
their use of moisture. The water sup- 
ply must be unfailing because the trees 
have shallow root systems and are in- 
jured by only a brief delay in its applica- 
tion. Failure of the water supply for a 
season or longer would be fatal. 

In southern 


California the area of 
land which can be cultivated intensively 
is measured largely by the quantity of 
water which is available. The great con- 
centration of citrus plantings in the Los 
Angeles basin is in a large measure due 
to the suitable supplies of irrigation 
water secured from the Santa Ana and 
San Gabriel and their 
The city of Los 
Angeles has appropriated practically all 
the surface and underground flow of 


rivers from 


underground basins. 


Los Angeles River but a portion of the 
flow of the Owens River aqueduct is 
utilized by citrus growers in San Fer- 
nando Valley. Many tracts of land 
adapted for citrus in the Los Angeles 
basin are not utilized for that crop be- 
cause of the inadequacy of the water 
supply. 

The cost of irrigation water per acre 
varies from $3.00 annually on long es- 
tablished gravity ditches to as much as 
$50-$75 per year on foothill lands sup- 
plied from deep wells. Many districts 
have water costs of $30 per acre an- 
nually. The large returns from citrus 
fruits enable the growers to pay the 
seemingly exorbitant costs of irrigation 
water. 

Most of the irrigation water is con 
trolled by mutual organizations of users, 
but some is developed by public utilities 
or by individuals. The relatively low 
cost of developing supplies of under- 
ground water for individual ranches 
with electric pumps has led to the estab- 
lishment of many small independent 
irrigation systems in recent years. It 
is customary to hold water rights sep- 





FIGURE 9. 
plants of San Fernando. 
been constructed beneath the packing plants in 


Two coéperative lemon packing 
Large basements have 


which the fruit is cured and stored until it is 
marketed. (Courtesy of California Fruit Grow- 
ers Exchange.) 


arate from the land thus permitting 
transfer to those lands that will pro- 
duce the most valuable crops. About 
three-fourths of the water now used by 
citrus growers in the Los Angeles basin 
is obtained from wells. 

The scarcity and high value of irriga- 
tion water have encouraged its careful 
distribution and use in all citrus districts. 
Underground cement or steel pipes are 
used for distribution except in the older 
districts around Highlands, San Ber- 
nardino, Redlands, and Riverside where 
open ditches lined with cement or stone 
masonry are commonly used. Since 
water is scarce, schedules are arranged 
so that each grove in a district is watered 
only at regular intervals of three to six 
weeks. That scheme does not permit 
any variation in time of applying water 
to meet changing weather conditions or 
the special needs of individual groves. 
The application method of distribution 
has numerous advantages where it can 
be applied. 

One or two acre-feet of irrigation 
water in addition to the rainfall are used 
for citrus culture in the coastal districts 
while in the interior valleys two or three 
Five to 
eight applications usually are made each 
year. 


acre-feet are commonly used. 


The character of soil, age of 
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trees, and weather conditions are factors 
which help to determine the frequency 
and amount of irrigation needed. 
Furrow irrigation is almost univer- 
It facilitates 
the economical use of water by encourag- 
ing deep penetration and by greatly 
limiting the moist surface exposed to 
evaporation. 


sally used in citrus groves. 


furrow irrigation is also 
adapted to conditions in the citrus dis- 
tricts because it may be used on a wide 
range of slopes and it can utilize con- 
veniently a small head of water. The 
basin system of irrigation is used in 
places on the coastal plain where surfaces 
are nearly flat and where water is abun- 
dant and available under larger heads. 
In spite of the general care in applying 
irrigation water there is considerable 
evidence to show that many groves, es- 
pecially on the coastal plain, are given 
too much water. Citrus trees are as 
much injured by over-irrigation as they 
are by drought. Excessive irrigation 
and the use of impure water may create 
an alkaline condition in the soil to which 
citrus trees are extremely sensitive. 


RELATION TO SOILS 

Citrus fruits are grown on a great 
variety of soils in the Los Angeles basin 
although deep, well-drained loams of 
fine sandy texture are usually regarded 
as best. Probably nine-tenths of the 
fruit is grown on alluvial soils belonging 
to the Hanford, Yolo, 
Placentia series. Residual soils are not 


Ramona, and 


more commonly used because they occur 
on steep hillsides where cultivation and 
irrigation are difficult and where bed- 
rock lies near the surface (Figure 7). 

No other fruit crop in California is 
fertilized so heavily as are the citrus 
groves. Annual fertilizer expenditures 
of $60 per acre are common and they 


may be as great as $150 per acre. It is 
now generally admitted that citrus 


groves in southern California must be 


heavily fertilized if they are to be profit- 
able. Due to the normal shortage of 
organic matter in soils of a semi-arid 
region the addition of nitrogen and 
bulky organic matter is considered most 
The addition of other plant 
foods has not brought about significant 


essential. 


increases in yields. 

Animal manures are an ideal source 
of bulky organic matter and nitrogen 
but they are scarce in the specialized 
citrus can not be 
bothered with livestock nor can they 
divert high-priced lands ($2,500 per 
acre) and water supplies into grain or 
forage production. 


districts. Growers 


Large quantities of 
manure are imported from dairying and 
sheep raising districts of California, 
Nevada, and Utah. In a few citrus 
districts growers have attempted to com- 
bine chickens with citrus on the basis of 
‘a hen to a tree.” City garbage is fed 
to hogs and composted for use in several 
citrus districts. The general substitu- 
tion of tractors for horses in citrus dis- 
tricts has increased the difficulty of 
securing animal fertilizers. 

Large quantities of waste alfalfa hay 
and bean straw are incorporated into the 
Winter cover 
crops of yellow sweet-clover or purple 


soils of citrus groves. 





FiGuRE 10.—Los Angeles is the principal port 
from which citrus fruits are shipped to overseas 
markets. Large quantities are also sent by water 
to Pacific coast markets and to New York City 
and Philadelphia. (Courtesy of California Fruit 
Growers Exchange. ) 
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vetch are grown in many sections to sup- 
ply bulky organic fertilizers. Large 
quantities of commercial nitrates also 
are applied to citrus groves. 

In to fertilization the 
citrus districts are the victims of extreme 
specialization. 


respect soil 
There is no opportunity 
for crop rotation in the usual sense, and 
there is little opp rtunity for crop diver- 
sification, although many growers in- 
citrus fruits 


clude several varieties of 


among their plantings. 


PEST CONTROL 


About three million dollars are spent 
annually by citrus fruit growers in the 
Los Angeles basin for controlling in- 





P ’ 
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Figure 11.—Special picking bags and care- 
fully designed field boxes prevent injuries to the 
rind in the harvesting of citrus fruits. Citrus 
trees are pruned so as to form a strong, low tree, 
from which the fruit may be easily harvested. 
(Courtesy of California Fruit Growers Exchange. ) 


jurious insects. The compact districts 
in which citrus fruits are grown afford 
exceptional opportunities for the spread 
of pests from grove to grove but also for 
their effective control by community ac- 
tion. 
and 


The broad extent of mountain 
that separates California 
from other citrus districts on the con- 


desert 


tinent aids in preventing the introduction 
of certain dangerous pests. The exclu- 
sion of fresh citrus fruits from the Gulf 
states and from foreign countries aids in 
A 


strong effort is made to prevent the 


keeping others out of California. 


’ OF THE Los ANGELES BASIN 69 


spread of pests and diseases from one 
citrus district to another within the state. 

Climatic conditions strongly influence 
the distribution of the various pests, 
their life cycles, and the methods of con- 
trol. The black scale, red scale, red 
spider, and aphid are important pests 
throughout the basin. 
Several kinds of mealybugs and purple 
scale are found chiefly in the coastal dis- 
trict while the citricola scale and thrips 
are adapted chiefly to interior valleys. 
All of them suck the juices from the 
leaves, stems, or fruit and several of 
them secrete honeydew, which, in turn, 
supports a black mold that injures the 
leaves and discolors the fruit. 


Los Angeles 


Fumigation of trees under tents is a 
much used method for pest control be- 
cause most citrus trees are compact and 
not (Figure 8). The 
dense foliage, especially of orange trees, 


unduly large 


and the protective coverings of several 
of the insects tend to make chemical 
sprays ineffective. The systematic pro- 
duction and distribution of predatory 
insects have proved in several instances 
to be the most efficient means of destroy- 
ing injurious insects. Millions of lady- 
bugs are produced annually in half a 
dozen large insectaries for controlling 
mealybugs in the Los Angeles basin. 
The helpful insects are released in in- 
fested areas at the rate of ten beetles to 
a tree. 
IMPORTANCE OF INHERENT 
QUALITIES 


TREE 


Since the success of the industry de- 
pends on inherent qualities of trees as 
well as upon orchard environment and 
cultural practices, the utmost care is ex- 
ercised by leading growers in the selec- 
tion of young trees. 
which 


Only those buds 
parent with 
satisfactory performance records are 


come from trees 
Careless- 
ness in selecting buds and rootstalks is 


used to propagate new trees. 
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responsible for many inferior groves 
and for lack of uniformity of fruit from 
tree to tree. Sour orange rootstocks 
are often preferred by citrus growers be- 
cause they are resistant to diseases and 
The 


development of a few superior varieties 


have well developed root systems. 


of citrus fruits by California growers 1s 
undoubtedly one of the principal reasons 
for the success of the industry. 


MARKETING RELATIONSHIPS 


One of the outstanding geographic 
facts about the citrus industry of Cali- 
fornia is its almost complete dependence 
on the consuming markets of eastern 
United States Canada, 
which are reached by rail transportation. 
Sixty per cent of the oranges and 80 per 
cent of the lemons consumed in the two 
countries are grown in California. 


and most of 


Due 
to the thoroughness with which the 
inarketing agencies seek new outlets, 
and because of the “postage stamp” 
freight rates east of Denver, citrus fruits 
from California are distributed more 
widely than any other fruit produced in 
such a restricted portion of the United 
States. It is estimated that 60 per cent 
of California’s oranges go 2,000—3,000 
miles to market while only 8 per cent are 
marketed within 1,000 miles of the pro- 
ducing area. About 75 per cent of the 
oranges and lemons consumed in Canada 
originate in California. Increasing 
quantities of California oranges and 
grapefruit move to Great Britain, con- 
tinental Europe, and the Orient. 

The Los Angeles basin is well sup- 
plied with transportation facilities for 
marketing its citrus fruits. The lines 
trans-continental — railroads 
(Southern Pacific and Santa Fe) and 


of two 


the extensive local system of the Pacific 
Klectric Railway serve efficiently every 
portion of the Hundreds of 


miles of surfaced highways throughout 


basin. 


the citrus districts connect the groves 


with the packing houses along the rail- 
roads (Figure9). Los Angeles harbor 
with its docks, warehouses, and special- 
ized loading equipment gives the district 
easy access to over-seas markets as well 
as to San Francisco, Portland, Seattle, 
Vancouver, New York City, Philadel- 
phia, and Baltimore (Figure 10). 
California oranges and lemons are 
available throughout the year, which 
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FiGuRE 12. 
they arrive from the groves. 
allowed to stand in the packing house for several 
days to toughen the rind and thus reduce injuries 


Navel oranges in field boxes as 
They are usually 


in handling. The fruit then passes promptly 
through the packing operations and into cars for 
shipment to market. (Courtesy of California 
Fruit Growers Exchange.) 


makes for efficiency in marketing opera- 
Navel oranges are harvested 
from November to April and Valencias 
mature from May to October (Figure 


11). 


oranges to be held on the trees for sev- 


tions. 


Climatic conditions usually allow 


eral weeks or even months after maturity 
thus permitting a nice adjustment of 
harvesting operations to market de 
mands. The increasing popularity of 
orange juice in summer and the small 
competition from Gulf Coast oranges at 
that season make it possible to market 
Valencia 


the large crops of oranges 
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which in recent years have been greater 
than the navel crop (Figure 12). 

More than half the lemons are sold 
during the four months, May to August. 
The greatest demand comes during the 


periods of hot weather that charac 
terize the summers of the central and 
eastern United States (Figure 13). 


Large quantities of lemons harvested in 
winter and spring, when demand _ is 
small, are held in curing rooms until 
early summer (Figure 14). 
late 


lemons 


picked in summer rushed 


through the curing process so they may 


are 


be marketed before winter arrives. 
Since about ten days are required for 
fruit to reach eastern markets it is very 
difficult to meet unexpected and large de 
mands from stocks in California. Some 
lemons are used for culinary and other 
household purposes throughout the year 
and oranges for infant feeding and des 
sert purposes are in steady demand. 
Cooperative marketing has featured 
the California citrus industry for nearly 
40 years. About 75 per cent of the 
citrus fruits in the state, produced by 





FIGURE 13. 
attain a diameter of 23% 
color. 


Lemons are picked as soon as they 
inches, regardless of 
The picker carries a metal ring for measur 
ing fruits in order that he may not harvest undet 
sized fruit 
by blunt-tipped clippers so that the ‘button’ 
calyx) will remain on each fruit and prevent de 
cay. Pickers always wear canvas gloves to avoid 
scrat¢ hing the fruit with their finger nails 
(Courtesy of California Fruit Growers Exchange.) 


All citrus fruits are cut from the tree 





maturity (color) as soon as they reach the packing 


house. All fruit that ripened on the tree must 
be shipped within two or three weeks after it has 
been harvested. Light or silver green fruit is 
usually cured for about a month and it may be 
held for two months before it is marketed. Dark 
green lemons are generally cured in six or eight 
weeks, and then they may be held in the curing 
room for four or six months if the temperature 
and moisture conditions are favorable. Lemon 
curing isa controlled ripening process. (Courtesy 
of California Fruit Growers Exchange.) 


12,500 growers, are marketed through 
the California Fruit Growers Exchange 
alone. Practically all the lemons are 
handled through that codperative organ- 
ization. ‘The central marketing organi- 
zation includes 23 district exchanges, 
which, in turn, are composed of 215 
local packing associations distributed 
throughout the the 


Icach local organization controls 


citrus districts of 
State. 
the harvesting, grading, and packing of 
the fruit of its members, who may num- 
ber from 50 to 200 growers, each own- 
ing on an average 10 acres of bearing 
groves. The district exchanges sell the 
fruit packed by the local associations 
through the nation-wide marketing facil- 
ities provided by the central exchange. 

The great distance to eastern markets 
and the high transportation costs (aver- 
age of $450 per car for lemons and $625 
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for oranges) make it profitable to ship 
only high quality fruit. Cull fruit, or 
that which is defective in appearance or 
quality, normally constitutes 5 to 10 per 
cent of the crop but at times it may in- 


clude much more (25 


to 50 per cent). 
The better grades of culls are sold exten 
sively as loose fruit in the cities of south 
ern California (Figure 15). 

Numerous have 


by-product plants 


been established to recover something 





FiGuRE 15.—The large railroad icing plant at 


under ventilation. 
from surplus and defective fruit. The 
return to growers for culls is only 25 to 
35 per cent of the cost of production, 
thus showing clearly the salvage charac 
The benefits to the 
industry at large are greater than those 


ter of the industry. 


figures may suggest because the market 
for standard fruit is not endangered by 
the offering of inferior grades. Large 
quantities of lemons enter by-product in 
dustries due to a slight over-development 
of the industry, and because of the inelas 


tic character of the winter demand. 
Lemon by-products include citric acid, 
calcium citrate, lemon oil, and pectin. 


Dried or candied orange peel, marma 
Jade, pectin, orange oil, and concentrated 


San Bernardino. 
shipped under refrigeration and at times lemons also are iced 
per car to the cost of shipping citrus fruits to eastern markets 
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orange juice are typical by-products 
from cull oranges. Refuse pulp is dried 
and sold as cattle and poultry feed, hay 


ing qualities similar to dried beet pulp. 


HUMAN RELATIONSHIPS IN THE 


INDUSTRY 
The California citrus industry 1s out 
standing in its eagerness to adopt new 
practices that research and experience 


demonstrate to be feasible and desirable. 





In summer oranges are always 
adds $75.00 to $100.00 
In winter all citrus fruits are shipped 
Courtesy of California Fruit Growers Exchange.) 


Refrigeration 


Methods are by no means standardized, 
however, and there 1s still a great diver 
sity of opinion among growers regard 
ing some of the fundamental practices of 
the industry. ‘The industry is unique in 
that it has been created in a large meas- 
ure by retired business and professional 
people from eastern states who provided 
the necessary capital and also the desired 
business ability. 

Although nearly all the citrus indus 
try is in the hands of white owners a 
large part of the work of growing and 
harvesting the fruit is performed by 
Mexicans. Mexican workers under the 
direction of white foremen are often pre 


ferred for orchard operations because 
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they are said to be more conscientious 
and more permanent than whites. 
be somewhat lower 
wages and are usually willing to do all 
kinds of intermittent 


They 


can secured for 


work. In citrus 


and 
Japanese women perform most of the 


packing plants, white, Mexican, 


work except the heavy trucking op- 
erations. 
Although 


housing facilities are provided for the 


on many large ranches 
workers the more representative condi- 
is that 


Keach day gangs of laborers employed by 


tion the workers live in town. 
citrus packing associations or ranchers 
go out from town to surrounding groves 
where picking or other orchard opera 


tions are in progress. ‘That system is 
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especially well suited for an industry in 
which the demand for large amounts of 
labor is not continuous. The packing 
plants in the towns secure their labor 
from the local population and many 
smaller citrus belt towns are primarily 
settlements of agricultural and packing 
house laborers. 

The larger centers are attractive as 
residential cities and several have impor- 
tant manufacturing industries, many of 
which market a portion of their prod- 
Thus the 
character of the citrus-growing districts 


ucts among citrus 2TOWCTS. 


is clearly reflected in the towns and cities 
which are as distinctive among urban 
agglomerations as are citrus-producing 
communities among agricultural types. 
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PART | 


KENTUCKY belongs to the 
South which, by virtue of a 


common tradition derived from 
the pre-Civil War period, a similar an 
cestry of population, and common eco 
nomic interests, is perhaps the most 
distinctive division of the 
\bundant, tillable soil 
of varying arability and productivity, 
under a humid mesothermal climate of 
mild, open winters, 


cultural 
United States. 


and warm, rainy 
summers promotes a culture chiefly 
rural, and industries chiefly agricultural. 
The plantation system of ante-bellum 
time has, in a major sense, crumbled. 
Subdivision of farming land and open 
ing up of new territory have kept pace 
with rural population growth, and in 
post-war years subsistence agriculture 
has gained prominence over the planta 
tion system. 


THE PLACE 
COUNTY IN 
THE 


’ might be characterized 
further as belonging to the Old South 
All its best land has been farmed for a 
century or longer. 


OF WARREN 
KENTUCKY AND 
SOUTH 


Kentucky 


It had no new land 
available during the expansion period of 
the last half had 
Oklahoma, and other states of the New 
South. There outlet to 


fresh land for the enlarging population ; 


century as ‘Texa 


has been no 
and although there have always been 
minor rural population shifts, the popu 
whole ha The 
show tate an 
1) per cent over the 1890 
Practically all thi 
however, ha 


lation on the 
1930 censu 


been static. 
for the entire 
increase of 
hyure. ’ growth, 
been in urban and coal 


mining communities; the agricultural 
element has changed very little in num 
bers. 

\Ithough Kentucky is essentially an 
agricultural state, supported for the 
greater part by general farming, it 1s 
probably best known by people from 
without for the race horses raised in the 
Bluegrass region. ‘The profit and pres 
tige of this phase of agriculture have 
elevated the wealthy race-farm propri 
ctors to the height of southern aristoc 
racy. ‘Through the famous Kentucky 
Derby, May at Churchill 
Downs, Louisville, the Bluegrass region 
the 
Although to most of Kentucky 


run each 


is advertised throughout western 
world. 
and to the South racing 1s a sport and a 
gamble, to a few moneyed persons it 1s 
an industry in which they have invested 
fortunes and have realized great profits 
By converting the native nutritious blue 
vrass into material wealth the Bluegrass 
the 
Only a meager 


has become one of 


in the South. 


region most 
affluent 
part of the people realize the profits of 
the race horse farm, but the proceed 
better 
and higher living 


have led to inereased wealth, 
farming conditions, 
standards for the region at large. 
‘Tobacco, the one cash crop of Ken 
tucky, is grown widely over the state 
Its) distribution, however, conform 
closely to fertile soils and low relief In 
the rugged eastern section where the soil 
is thin and infertile, both the total acre 
ave of tobacco and the ratio of tobacco 
to other crop acreages are mall 
In the |e 


parts 


very 
s rugged central and western 
where fertile limestone soils are 


abundant, tobacco acreage becomes more 


“J 


uw 
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KENTUCKY 
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FiGure 1 The wide variety of physiographic features exemplified by Warren County, Kentucky, 
ranges from a maturely dissected sandstone upland to an undulating limestone plain. 


Important. Contrary to general opin- — cultivated area is conspicuously small 
ion, the ratio of tobacco acreage to total only 22 per cent in the Lexington Plain 
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region where the concentration of to- 
bacco production attains its maximum. 

Climatically, racially, and culturally 
Kentucky represents and typifies the Old 
South. Its present culture, a heritage 
of present and of past environments, 
portrays the qualities of both the cour- 
ageous, resourceful frontiersman of 
colonial days and the present day semi- 
aristocrat of the Atlantic slope. Pride 
of home and state is regarded as one of 
the strongest attributes of Kentucky citi- 
zenship, while inventiveness and ingenu- 
ity, held in high regard, characterize a 
people ambitious to keep the activities of 
their commonwealth abreast the times. 
Although the state is relatively rich in 
minerals, particularly coal and petro- 
leum, Kentuckians have long realized 
that the basis of their civilization is 
the agricultural land. The million or 
more people actively engaged in agri- 
culture, by consistent use of this one 
great resource, are promoting an 
industry of livestock raising, tobacco 
farming, and general agriculture in 
keeping with the potentialities and needs 
of the state. 


LocATION 


Warren County in southwestern Ken- 
tucky lies somewhat in line between two 
southern metropolitan centers, Louis- 
ville, Kentucky, and Nashville, Tennes- 
see (Figure 1). From the standpoint of 
land utilization it is typical of a rather 
extensive part of both Kentucky and 
Tennessee. Its location as the second 
county north of the boundary between 
the two states places it well within the 
state in a physical and cultural environ- 
ment typically Kentuckian. Louisville, 
125 miles north of Bowling Green, the 
Warren County seat, is the recognized 
metropolitan center to which all western 
Kentucky is in a measure tributary, al- 
though Nashville, 67 miles south, shares 
somewhat with Louisville in this respect. 


Neither of these centers is highly signifi- 
cant in Warren County, however, for 
Bowling Green constitutes a trade and 
cultural center to which this part of the 
state is significantly tributary. 


TYPE OF THE PENNYROYAL 

Warren County lies near the center 
of the Pennyroyal, a well recognized 
though ill-defined regional subdivision 
of the Interior Low Plateau (Fenneman 
classification) (Figure 2). This rather 
large region, embracing a considerable 
part of eastern Kentucky and northern 
Tennessee, is the most transitional in 
character of all the major natural re- 
gions of Kentucky. Surface and soils 
exemplify almost the entire range of 
conditions found elsewhere in the state. 
Broad belts of rich limestone soil com- 
pare well with soils of the Bluegrass, 
while sections of thin, sandy soil and 
rugged relief are quite suggestive of the 
mountain topography. Cultural condi- 
tions within the Pennyroyal likewise 
have a wide range, from those of the 
poor farmer of the more remote hilly 
section to those of the wealthy tobacco 
and livestock farm owners of the fertile 
limestone country. 

Similarly, Warren County displays a 
range and variety of conditions typical 
of the Pennyroyal at large. Within a 
distance of only a few miles from north 
to south are represented the extreme 
physical and cultural conditions of the 
entire region. With the exception of 
the extreme northern part which borders 
the Western Coal Basin the country be- 
longs strictly to the Pennyroyal, physi- 
cally and culturally. 

The Warren County section of the 
Pennyroyal lies between the Tennessee 
and the Ohio sub-divisions which Ward 
makes, on the basis of rainfall, of the 
east coast humid mesothermal climatic 
province recognized by Koppen. But its 
close proximity to the Tennessee region 





LAND ECONOMY OF WARREN County, KENTUCKY 77 


both when considered in terms of lati- 
tudinal distance and of frequented storm 
tracks, gives the area a striking similar- 
ity to the Tennessee region in tempera- 
ture and rainfall régimes. In locating 
Warren County in terms of climatic 
provinces then, it will suffice to state that 
itis lennesseean. 
WARREN COUNTY WITH REFERENCE 
ro Major Tyres or LAND USE 


An examination of the three maps 
(Figures 3, 4, and 5), reveals that the 
Bluegrass, the Jackson Purchase, and 
the Pennyroyal stand out as three major 
The Ohio Valley 
in the vicinity of Owensboro and Hen- 


agricultural regions. 


derson comprises a fourth region of 
agricultural significance, although much 
less extensive than either of 
three. 


the other 


THE BLUEGRASS 


rr ) o . mere 7 , > 
lhe Bluegrass region is not only the 
leading farming region of Kentucky but 










PHYSIOGRAPHIC DIAGRAM 
of 


KENTUCKY 
By A. K. Lobeck 


Evansville 


it is also one of the outstanding agricul- 
tural regions of the South. Practically 
the entire region is potential farm land. 
In every county more than 80 per cent 
of the land was in farms in 1930 (Figure 
3) and the average for the region was 
well above 90 per cent. (The average 
for the state is 77 per cent.) The ratio 
of cultivated land to total area is lower 
in the Bluegrass than in any of the other 
three farming regions cited above (Fig- 
ure +); but the significance of pasture 
land in raising blooded cattle and race 
horses is great, and a relatively high per- 
centage of the land is used for pasture. 
If farm land values be accepted as a 
criterion of a good farming section the 
Bluegrass region easily stands first in the 
state (Figure 5). The fertile soil de- 
veloped from the Ordovician limestone 
CX] sed by the truncation of the Cincin- 
nati dome, is peculiarly adapted to to- 
bacco growing; and to the qualities of 
the soil may be attributed the excellent 
bluegrass pasture directly responsible for 
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FIGURE 2.—The Dripping Springs Escarpment, an outstanding feature of the Pennyroyal Plateau, 
divides Warren County into two contrasting and distinctive parts. (Courtesy of A. K. Lobeck.) 
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the significance of the livestock and race 
horse industry of the region. 
THE JACKSON PURCHASE 


The Jackson Purchase region, consist- 
ing of the 


eight counties west of 
Tennessee River, owes its origin chiefly 


The 
deep soil developed from water and wind 
worked material consists principally of 


to the Quaternary geologic period. 


friable loams having relatively high pro 
ductive capacities. Smooth relief and 
lack of rock render the region highly 
arable; consequently the area has very 
little waste land. A much higher per 
total area is cultivated 
than in the Bluegrass or the Pennyroyal 


centage of the 


(ligure 4), a factor which probably jus 
tifies evaluating this region as second 
to the Bluegrass among agricultural re- 
gions of the state. 

The significance of livestock is much 
less in the Jackson Purchase than in the 
Bluegrass, and rearing race horses is 
unimportant. General farming distin 
guishes the agriculture. Tobacco is the 
major cash crop and grows well in all 
parts of the area. The region produces 
some wheat, and cotton is significant in 
the southern part. Corn, however, is the 
major crop; 1 


it occupies from 33. to 
45 per cent of the cultivated land (I 
ure 7). 


ig 


OWENSBORO-HENDERSON REGION 


Small extent alone renders this region 
least significant of the four agricultural 
Both the upland 
river alluvium form 
excellent soils which have developed into 


regions cited above. 
limestone and the 


an area of considerable agricultural im 
The 


significant. 


portance (Figures 3, 4, and 5). 
livestock industry is not 
General farming characterizes the agri 
culture; it is one of the leading tobacco 
regions of the state (igure 6), while 
corn, the leading crop, finds its great 


est concentration here (Iigure 7). 


THE PENNYROYAL 

The Pennyroyal, of which Warren 
County is characteristic, 1s the third ag- 
ricultural region of Kentucky. Just as 
it occupies an intermediate position be 
tween various regions of Kentucky and 
Tennessee, both physically and cultur- 
ally, so also does it hold an intermediate 
position agriculturally among the better 
regions of the two states. Its wide 
range of surface and soils determine a 
varied farming system. Because of the 
lack of any nuclear center such as Lex- 
ington and the Lexington Plain of the 
Bluegrass, there is little tendency toward 
a concentration of individual crops and 
of specific farming types in proximity to 
such a focus. Figures 7 and 6 show a 
rather even distribution of corn and to- 
hacco, the two major crops, Over the 
Pennyroyal, while Figure & shows a re- 
inarkably smooth distribution of rural 
population, together with a goodly num- 
ber of fair sized towns that serve the re- 
gion amply as trade and cultural centers. 

The range in type, scale, and pattern 
of farming in the Pennyroyal is quite 
wide; and the industry conforms closely 
in these respects to surface and soil con 
ditions. On the level to rolling tracts of 
fertile limestone soil a modern type of 
fairly large scale machine agriculture 
of tobacco, corn, and grain is carried on 
in large fields that adhere closely to a 
rectangular pattern; but in the more 
hilly sections with thin, sandy soil, hill 
side farming prevails, with small scale 
methods and irregular farm and _ field 
pattern. 

Warren County typifies the Penny- 
royal in almost every respect. The phys- 
ical, cultural, and social conditions pre- 
vail in close proximity to each other. 
The Rich Pond and Smiths Grove sec- 
tions in the southern part of the county 
(‘igure 1) are among the best farming 
sections of the Pennyroyal, and here the 
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type and quality of farms and homes are 
strikingly like those of the Bluegrass 
In the northern part of the county, how 

ever, as typified by the Benleo and the 
Sand Hill sections (Figure 1), poor, run- 
down hillside farms are suggestive of the 
eastern mountains. A cross section ten 
miles in length from north to south (Fig- 
ure 1, Sand Hill section), 
portrays practically the entire range of 
physical and cultural conditions found 
in the Pennyroyal. 


Gerkin 


As metropolis and 
county seat, Bowling Green is one of 
the several thriving trade and cultural 
centers of the region. No other p liti- 
cal division, large or small, better pic- 
tures the Pennyroyal than does Warren 
County. 

This region stands slightly below 
the Bluegrass in the percentage of land 
in farms, but the Owensboro- 
Henderson and the Jackson Purchase 
the ratio of 
cultivated land to total area, however, 


above 
regions (Figure 3). In 
it stands considerably above the Blue- 


vrass, and below the other two regions 
(igure 4+). 


~ 


Pasture is much less sig 
nificant here than in the Bluegrass. 

The Clarksville loam soil, which cov- 
ers much of the best part of the Penny- 
royal, is excellent for farming, but it is 
not well suited to the Kentucky bluegrass 
which finds its optimum growing con- 
ditions on the Lexington Plain. Race 
horse breeding, therefore, has never been 
significant in the Pennyroyal; and the 
livestock industry, in a general sense, is 
making little progress. 

The Clarksville and Hagerstown soils, 
the best in the Pennyroyal, are perhaps 
the best in the state beyond the Blue- 
grass. ‘These have developed from the 
St. Louis limestone and lie in broad, un- 
dulating areas of considerable size, the 
which stretches for 
a hundred miles from east to west and 
the part of War- 
ren, Logan, Todd, Christian, and Trigg 


most extensive of 


embraces southern 


counties. This part of the Pennyroyal 
easily stands second to the Bluegrass in 
scale and quality of its agriculture. 
\Ithough the Pennyroyal is usually 
considered a limestone country it is by 
no means limited to limestone or lime- 
stone soil. Sandstones, shales, and con- 
gvlomerates fringe the area, and within 
its limits, in close proximity to its best 
limestone flats, are spread rugged and 
isolated regions of dissected hill country 
whose narrow sandstone-capped ridges 
and steep, canyon-walled sinks and hol- 
lows strongly suggest mountain relief. 
Not all the limestone areas are covered 
with fertile soil but large tracts of eroded 
soils and flats of sour land form coun- 
terparts of the Knobs. Thus, in land 
values, variability again distinguishes 
the 
contains some of 


Pennyroyal. Though the region 
the best land in the 
state, the average value is far below 
that of the Bluegrass (Figure 5). Small 
scale dairying, in connection with gen- 
eral farming, has recently become sig- 
nificant in communities that can easily 
be reached by the milk truck, and a 
few saddle horse farms specialize in the 
breeding of high priced saddle horses; 
but these industries do not bring in- 
creased wealth to the region at large as 
does the race horse industry of the Blue- 
erass, and land values here are based 
chiefly on actual worth for general farm- 
Ing purposes. 

Although bordering the Western Coal 
Basin on the south, Warren County, like 
the entire Pennyroyal, has little coal. 
Some coal of inferior quality is mined 
for local use in several parts of the 
county, but the significance of the indus- 
try does not approach that of the region 
tothe north. Proximity tothe Western 
Basin, however, keeps the price of coal 
low and even in the rural communities 
many farmers burn some coal in pref- 
erence to wood, even though the latter 


is locally abundant. The oil industry, 
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FIGURE 3. 
an agricultural area. 


boomed in Warren County a few years 
ago, is of little significance at present. 
Several score wells are operating but 
their yield is very low. 

Timber still clothes much of the hilly 
part of Warren County but little use is 
made of it except for local purposes; 
railroad ties occasionally supply a com 


mercial demand. <A few farmers saw a 


little lumber for local use and many 
of the houses and barns in the hills 
are covered with hand-made boards. 


\side from supplying the demands for 
fire wood, fence posts, and the small 
amount of structural lumber used lo 
cally, the significance of timber in the 
rural economy of Warren County is 
slight : likewise the county’s role in the 
state’s timber industry is unimportant. 
\lthough timber covers some of the po 
tentially good farm land and much of 


the waste land of the county, it occupies 


J, Sullivan Gibson 


The high percentage of land surface in farms immediately identifies Warren County as 
3ase map by permission of A. J. Nystrom and Co. 


a practically negligible position in the 
land utilization program. 


PHYSICAL AND ECONOMK 


BACKGROUND 


The northern and southern parts of 
Warren County stand in direct contrast 
to each other, both physically and eco 
nomically. The Pennyroyal contains no 
better land than the deep, fertile, undu 
lating, limestone plain of the southern 
part of the county; while in the north 
ern part, rugged hill country with thin, 
infertile, sandy soil has perhaps as low 
agricultural potentialities as any part 
of the region. 


NORTHERN PART OF THE COUNTY 


The northern part of Warren County 
‘The 


(Chester sandstone, which once underlay 


is characterized by hilly relief. 


the entire area, has been dissected by 
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tributaries to Barren and Green Rivers. 
In the more hilly sections only the ridge 
tops are capped with this sandstone. 
Both limestone and sandstones, inter- 
bedded along most slopes, are exposed, 
while in the valley bottoms limestone 
underlies the thin, depleted soil cover- 
ing. On the more level section of the 
higher divides sandstone and sandy soil 
continue uninterrupted. 

A surprisingly high percentage of this 
hill country has been cleared. Only a 
small part of the timber left 1s of mer 
chantable quality and farmers make lit- 
tle use of it except for fire wood and for 
a small amount of lumber for home pur- 
poses, The development of the oil in 
dustry a few years ago was of material 
significance to many of the hill people; 
but at present, production is low and 
land owners realize very little from the 
industry. Most of them look directly 
to their farms for their income. 

Infertility of soil and steepness of 
slope limit cultivation and restrict pro 
duction. Land holdings vary little in 
average size for this section of the state. 
Cultivation is on a small scale and fol 
lows a patchy pattern. Roads, asa rule, 
follow the ridge tops and the farm pat- 
tern is irregular. l*rontage on a road 
passable in wet weather is more signifi- 
cant in this day of the automobile than 
it Was a generation ago. 

\verage farm values are low and both 
investments and returns have always 
been small for the hill farmer. Due to 
small per capita wealth and, therefore, 
inability to furnish security for loans, 
the average farmer has not been consid 
ered a safe risk on heavy loans; he has 
consequently been forced to live within 
Self-reliance and hardihood 
characterize the hill people. 


his income. 
‘The degree 
to which they produce the food they con 
sume is remarkable. ‘Their purchasing 
power is low: their needs beyond the 
commodities they can produce at home 
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are few. Although the hill folk lead 
rather simple, frugal lives and follow 
standards of living that would be con- 
sidered low in comparison with those 
of the people living on the Pennyroyal 
Plain or in the Bluegrass, the majority 
are respectable, religious, patriotic citi- 
zens, playing well the role in which they 
are placed by the inexorable conditions 
of their land. 


SOUTHERN PART OF THE COUNTY 
The hills of the northern part of War- 
ren County terminate, for the most part, 
rather abruptly along the contact zone 
of the St. Louis and St. Genevieve lime- 


In 


the east this contact follows the Drip- 


stones and the Chester sandstone. 


ping Springs escarpment, a steep, south- 
facing scarp that rises almost vertically 
more above the 
limestone plain to the south. Farther 
west, however, the escarpment gives way 


for a hundred feet or 


to a dovetailing of deep, canyon-like val- 
leys with steep sandstone-capped ridges 
and knobs. 

The southern part of the county, 
which belongs to the Pennyroyal Plain, 
is characterized by level or slightly un- 
dulating relief, except in a few karst 
areas and in the vicinity of the drainage 
channels. ‘The Clarksville soil, devel- 
oped from the St. Louis limestone that 
underlies most of the area, is in most 
places a deep, fertile, red silt loam with 
high productive capacities. 

The tobacco plantation of slavery days 
flourished here, and some of the present 
day holdings are remnants of the pre- 
Civil War estates. Land holdings are 
much larger than in the hill country and 
average investments are several times as 
great. 

Road and a 
rather high taxable wealth warrants a 


construction is easy 
relatively good road system. Both roads 
and farms follow a rectangular pattern. 
l‘rontage on a gravel road is one of the 
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essentials of every farm and the auto 
mobile has become a necessity. 

The farmers of this section have al 
ways been heavy investors and many of 
them have been heavy borrowers. In 
practicing large-scale farming they have 
invested heavily in land, equipment, and 


labor. In times of good yields and 


high prices they make money and the 


but in 
economic depression heavy 


communities prosper ; times of 
operating 


expenses, high taxes, and high interest 


rates have piled up debts that have 
broken many of them. 
The average farmer in south War 


ren County does not practice the strict 
economy necessary in subsistence agri 
culture; but prompted by a motive to 
make money by investing heavily in 
cash crops of tobacco, grain, and live 
stock, he has deve loped a rather extray 
agant system of living. Standards are 
a rule, have all the lux 
uries of the well-to-do city dweller. 


high ; homes, as 
Typical of the Pennyroyal, which in 
for Kentucky, Warren 
understood from a 
land use viewpoint by 
distinct | 
landscapes, the hill 


turn 1s average 
County can best be 


recognizing two 
ypes of physical and cultural 
and the plain, with 
a transition belt 


the other. 


grading from one to 


RELATIONSHIP OF THE PHYS 


ICAL ENVIRONMENT TO 
WARREN COUNTY 
\GRICULTURE 


old Or 


pends directly upon its physical environ 


every civilization, new, de 


ment for existence But 


the extent to which a people may recog 


and progress. 


nize the dominance of its physical sur 
roundings may vary according to (1) 
the state of culture attained by the peo 
ple, (2) the degree to which the popula 


tion has crowded the region toward the 


saturation point, ai d (3) the abundance 


and permanence of resources. The sav 


age tribesman lives entirely from the 
gifts of nature, without recognizing ob- 
ligation for proper use and care of the 
resources with which she surrounds him. 
‘The pioneer settler in a land of abundant 
and inexhaustible resources has all he 
wants and needs merely for the taking. 
But it is in the old. settled regions 
where generation after generation ckes 
out an existence from the land of lim 
ited wealth, pressed on all sides by a 
crowded population, that man recognizes 
and respects the dominance of his phys 
ical environment to the extent that he 
acts with nature in a wise and conserva 
tive use of the resources with which she 
supplies him. 

The present culture of this part of the 
Old South, is to a certain extent, a her 
itage of the past. larmers grow corn 
and tobacco because their fathers before 
them grew the same crops, and cither 
created a demand for them or supplied 
In the 
farm land rests from the plow 


the wants already in existence. 
hills, 
about three years in four; this again has 
been the practice for ages in hill coun 
tries. If a farmer plunges in without 
regard for the physical restrictions about 
him, he loses; if he sueceeds he follows, 
perhaps, the plan acquired generations 
ago through the trial and error method. 

The land Warren 


County, Kentucky, is so definitely re 


use program in 
lated to the phy sical background of the 
region as to warrant and necessitate a 
the various 
physical elements, in the light of deter 
mining their definite relations to the 
ways farmers use their land. 


careful consideration of 


CLIMATE 


\Il of Kentucky, and hence Warren 


County, 1s identified with the climatic 
the 


east coast humid mesothermal province. 


region recognized by Koppen as 
By definition, winters within this region 


are neither cold nor protracted ; freezing 
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weather does not normally last more than 
a few days at a time and the mean tem 

perature for the coldest month is above 
27 (—3° C.) degrees. A snow cover sel 

dom lasts more than four or five days 
and only a small percentage of the winter 
precipitation falls in the form of snow. 
The ground seldom freezes and ground 
water, therefore, 1s at all times available 
for growing plants, a fact of significance 
Summers 
are long and warm, but occasional cool 


ina region of winter grains. 


spells break the monotony of continued 
heat. Rainfall for the region varies 
from about 30 to more than 60 inches. 
Continued drought is uncommon except 
in the western part of the region and 
rainfall is usually rather evenly distrib 
uted through the year. 

The greater part of this mesothermal 
region has a summer maximum of rain 
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fall; but west of Appalachian Mountains 
and inland from the Gulf is a region 
with a spring maximum and a fall mini- 
mum, which characterizes the rainfall of 
Kentucky and especially that of Tennes 
see. This sub-region has properly been 
termed *Tennesseean” by Robert DeC. 
Ward. 


Warren County fits well the 


province as defined by Koppen, and into 


into 


the Tennessee province as delimited by 
Ward (Figure 9). Winters are mild. 
Bowling Green has a mean temperature 


>= 


of 37.1 degrees for January, the coldest 


month. hot, 
July 
mean of 79.2 degrees, and read 


Summers, however, are 
and in some years oppressively so. 
has a 
ings above 100 degrees are common in 
June, July, and August. Rainfall aver 
ages about 50 inches with the maximum 


coming in late winter or spring, and the 






















CROPPED 274] 





NON CROPPED 73% 



















TEN PENNYROYAL 
COUNTIES 











CROPPED 36%) 








WARREN COUNTY 









CROPPED 394) 


FiGURE 4 


NON CROPPED 64% 









= 


The high significance of livestock and race horse farms in the Bluegrass accounts for a 


high pasture and a relatively low crop land, ratio in that region; whereas in the Pennyroyal, the Jackson 


Purchase, and the Owensboro regions cultivated crops assume the 


permission of A. J. Nystrom and Co.) 


reater importance Base map by 











84 ECONOMIC GEOGRAPHY 


minimum in autumn. March usually is 
the rainiest month with 5.11 inches at 
sowling Green, while October usually is 
least rainy, with 2.69 inches. 

The length of the growing season is 
of significance in any agricultural re- 
gion. Bowling Green has an average 
of 186 days without frost, the last 
spring frost coming April 16 and the 
first frost in autumn coming October 19. 
These dates have been known to vary 
from two month. The 
staple crops, corn, tobacco, wheat, and 
small fruits sufficient time for 
growth and maturation in the aver- 


weeks to a 
have 


age year; but occasionally late spring 
frosts cause great damage to fruit and 
early corn. 

The prevailing wind directions for the 
year and for most months are south and 
southwest, but during the colder win- 
ter months, frequently, northwest winds 
dominate. Since winds are neither de- 
pendable nor strong, averaging only six 
to eleven miles per hour, windmills are 
conspicuously lacking throughout the 
region. 

This part of Kentucky lies to the south 
of the path most frequented by cyclonic 
storms of the Alberta, Plateau, and Gulf 
Coast type in winter and early spring, a 
factor further qualifying the region as 
climatically southern. The dominating 
south winds conditioned by these storms 
modify temperatures and bring consid- 
erable precipitation chiefly in the form 
of rain. Their variation in frequency 
and intensity causes a wide variation in 
rainfall amounts for individual months, 
seasons, and years. Usually during the 
growing season sufficient rain falls for 
growing and maturing the staple crops, 
corn, tobacco, and wheat. Occasionally, 
too much rain falls, especially in the 
spring months during the planting sea- 
son ; this was true in 1933. 

Sometimes droughts prevail over a 
period of several months, then crops 


burn in the field, timber and pasture 
lands scorch, and livestock suffer for 
food and water. The year 1930 was 
the most severe drought year on rec- 
ord. At Bowling Green the rainfall was 
only about 30 inches (the average is 50 
inches), and the amount 
dividual 


for some in- 


months was the lowest ever 


recorded. Watering ponds dried up, 
many wells went dry and timber died as 
a result of heat and drought. Although 
severe droughts are rare, records show 
about three droughty years in ten. 
Uniformity of elevation and relief in 
Warren County precludes the possibility 
of any great variation in climate between 
different parts of the county. Choice of 
crops and methods of cultivation in each 
given locality are determined chiefly by 
physiography, soil, and access to markets 
rather than by climate. 
limits, 


Within certain 
farmers take advan- 
tage of the local climatic variations pro- 
duced by air drainage in the hill sections 
of steep slopes and considerable relief. 
Hlarveson’s apple orchard, one of the 
largest in the county, is located on a 
sandstone-capped hill more than 700 feet 
in elevation. 


however, 


I'ruit in this orchard is 
seldom killed by spring frosts, although 
frequent white frosts occur in the hol- 
lows and in Barren River valley, 250 feet 
below, ten days to two weeks after the 
last killing frost on this hill top. Some 
farmers elect sandy hill tops or sandy 
slopes for early strawberries but perhaps 
this choice is made on the basis of soil 
as much as on the basis of decreased 
One farmer interviewed 
made the mistake of locating his orchard 
ma” 


frost danger. 


sink” where frost kills fruit most 
years. 

The graph (Figure 9), taken from 
“Geography of the Pennyroyal,” by 
Sauer, shows the climate of this region 
to be remarkably uniform and quite sim- 
ilar to that of other parts of the Tennes- 
seean sub-province. 
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PHYSIOGRAPHY AND SOILS 
The Pennyroyal may be defined phys- 
ically as being derived from a homoge- 
neous body of rocks belonging to the 
Mississippian and 


period consisting 


chiefly of limestones. In general the 
landscape of the Pennyroyal involves a 
rolling upland interrupted by a rather ex- 
tensive devel ypment of solution features. 
The region, however, cannot be limited 
on the basis of limestone rock, undulat- 
ing solution sinks. 
ringing the open plain on all sides is 
broken country of irregularly eroded 


tope raphy, and 


sandstones and limestones of a series 
differing in age from that of the St. 
Louis limestone that underlies most of 
the region and gives distinct character to 
the sections where it outcrops. 

Warren County typifies the Penny- 
royal geologically and physiographically. 
The homogeneity of rock formations 
that the Pennyroyal 
from other regions of Kentucky pre- 
vails throughout much of the county. 


distinguishes 


But there is perhaps as great a variation 
in geologic and physiographic conditions 
within the county as anywhere within 
the entire Pennyroyal. In the northern 
part of Warren county the St. Louis 
limestone disappears beneath younger 
series, uppermost of which is the Ches- 
ter Sandstone capping the higher ridges 
and divides. Ilere rugged relief and 
thin, sandy soil produce a landscape that 
stands in great contrast with the fertile 
Pennyroyal plain to the south. 


PHYSIOGRAPHIC HISTORY 


The present land surface of this re- 
gion results from long-continued opera- 
tion of climatic processes on the local 
rock material. It contains many physi- 
cal features that are remnants of earlier 
periods of erosion, little of which his- 
tory is known perfectly. Such limited 
knowledge of early physiographic his- 


tory comes chiefly through a considera- 
tion of certain qualities of the drainage 
pattern for the Pennyroyal region as a 
whole. This study, applied locally to 
Warren County, proves available data 
to be very imperfect and inadequate to a 
clear understanding of the genesis of the 
older land forms. 

In general the rivers are the oldest 
features of the landscape. The mean- 
dering courses which most rivers of this 
part of Kentucky follow tell the story of 
unstable conditions of the past. 
trenched meanders of 


The in- 
Green, Barren, 
Cumberland, and other rivers of the re- 
gion indicate an uplift since the rivers 
developed their meandering courses dur- 
ing a cycle of erosion earlier than the 
present. North of Green River and in 
a few instances to the southward, iso- 
lated sandstone and sandy limestone- 
capped knobs suggest for the region an 
erosional cycle earlier than the one in 
which the rivers developed their present 
courses. Although Warren County con- 
tains none of the remnants of the early 
period, it evidently belongs to a region 
that is now in its third cycle of erosion. 

The general surface of the Pennyroyal 
region, representing the second erosional 
level, is sometimes called the Highland 
Rim peneplain. The complex drainage 
system is slowly rasping away this old 
surface at a rate that varies with the na- 
ture of the material of which the surface 
is composed. The master streams have 
lowered their levels by incising them- 
selves in their meandering courses, and 
have thus stimulated dissection of the 
upland by tributary drainage. In cav- 
ernous limestone areas drainage is chiefly 
underground, but in the sandstone coun- 
try in the northern part of the county 
small surface streams are abundant and 
have developed a dendritic pattern 
that has reduced wide areas along the 
master streams to a complex of dove- 
tailed ridge-spurs and valleys. 
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Barren River are 
the major streams of Warren County. 
Numerous small tributaries empty into 
them from the hill country in the north- 
ern part of the county, while Gasper 
River and Drakes 
large tributaries, enter Barren 


Green River and 


Creek, two rather 
River 
from the limestone plain to the south. 
The intrenched nature of these streams 
renders their valleys, for the most part, 
steep-sided and narrow, with flood plains 
of small therefore, 
only a limited area that can be differen 
tiated as bottom lands ; hence these lands 


extent. There is, 


are not considered as a separate type in 
this study. 

The transition from the Pennyroval 
limestone plain to the hill country north 
of it, is achieved over a foothill zone 
lying at the base of the south-facing es 
carpment which rises abruptly to an av- 
erage elevation of 700 feet, more than a 
hundred feet above the rolling plain. In 
the eastern part of the county the escarp- 
ment, known as the Dripping Springs 
escarpment, appears as a fault scarp, ris- 
ing almost vertically and following a 
nearly straight course. Farther west, 
however, it gives way to a wider zone 
of dovetailing ridges and valleys (Figure 
1). Along the escarpment the steeper 
slopes are still timbered. Only the more 
gentle slopes and the valley bottoms have 
been cleared for cultivation, and many 
of them have been abandoned because of 
soil depletion. — Roads leading up to and 
over the escarpment to the hill country 
follow winding courses and take advan 
tage of the lower passes. 


The Fault Theory for the Dripping 
Springs Escarpment 


Weller and others support the theory 


that the east-west escarpment across 
Warren County is due to faulting. 


There is conclusive evidence of faulting 
in several local areas along the escarp 
ment base, and these support the theory 


that the entire escarpment might be due 
to faulting with considerable displace- 
ment. 
hilly, 


If this theory be correct, the 
northern part of the county, 
which stands considerably higher than 
the Pennyroyal Plain, is the remnant of 
the down-dropped block. The block to 
the south, which has developed into 
the limestone plain, stood considerably 
higher than the northern block after 
faulting occurred. Erosion thus has- 
tened, an undulating plain eventually de- 
veloped on the St. Genevieve and St. 
limestones. A sandstone- 
capped outliers, highest of which is Pilot 


Louis few 
Knob, 960 feet elevation, stand on the 
open plain some distance from the es- 
carpment foot (ligure 1). 

The fault theory has not been univer 
sally accepted because of the lack of con 
clusive proof, but it harmonizes well with 
the different types of relief on either side 
of the supposed fault scarp. <A level 
plain might well have developed from a 
block with such a geologic structure if 
elevated sufficiently to hasten erosion, 
while the corresponding down-dropped 
block would logically remain capped with 
resistant thus stand at 
an even higher level than the limestone 
plain. 


sandstone and 


TYPES OF RELIEF 

Within Warren County are repre 
sented several physiographic types as 
‘The 


Pennyroyal Plain, which extends west 


the foregoing paragraphs suggest. 
ward to Cumberland River and south 
ward into ‘Tennessee, finds optimum 
conditions for development in the south 
part of the county. In the northern part 
rugged relief and poor, sandy soil char 
acterize a region entirely different from 
the limestone plain, physically and cul 
turally. In the transition zone between 
lic the foothills and the escarpment be 
longing to neither of the major regions 


but possessing characteristics of both. 
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8 U.S, Agricultural Census, 1930 


eal $25 and less per acre 
$25 to $50 per acre 
ES] 450 to 


$150 and more -perTpacre 


al tt 
— 


FIGURE 5 
livestock and race horse industries account 


permission ol A ] Nvstrom and Co 


In short, the county represents the phys 
This 


major region attains no greater degree 


ical extremes of the Pennyroyal. 
of ruggedness than that found along 
the Dripping Springs escarpment in Ed 
It has 
few if any cultivated areas with soil of 


monson and Warren Counties. 


lowe productive capacities than those of 
the Sand Hill section. Only the Hop 
kinsville-Clarksville area excels in pro 
the \Voodburn 


Rich Pond and that only by virtue of 


ductivity area of and 
greater extent and uniformity. 

\s stated elsewhere in this article, 
river bottom land and areas of exces 
sively developed solution features are 
small in extent and of trivial significance 
in connection with the general farming 
program of the county; hence, they will 


receive no special consideration in this 


Ty 





J, Sullivan Gibson 


Farm land values of Kentucky average $44.00 per acre, the Pennyroyal approximates 
$35.00 per acre, while Warren county has an average of $51.00 per acre 
for the higher land 
proximity toa large urban market increases property values in the Louisville district. 


Che significance of the 
ons of the Bluegrass, and 
Base map by 


valuat 


land utilization study. One can, on the 
other hand, recognize four major types 
of relief and, consequently, four physio- 
(1) the upland hill 
country, (2) the Pennyroyal limestone 


graphic subregions : 


plain, (3) the broken southeastern bor- 
der, and (4) the foothills and escarpment 


transition zone between the limestone 


plain and the hills. 


rHE HILL COUNTRY 


‘The hill country serves as an excellent 
example of a region where both physi- 
ography and soil favor low productive 
capacities. 
land table 


\Ithough much of the up- 
land remains almost level the 
work of surface and underground water 
reduced the level tracts in 


has many 


the 
hollows and the 


places to mere patches, through 
headward erosion of 
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collapsing of caverns developed in the 
limestone below. Both the sides and the 
narrow bottoms of these hollows and 
sinks are covered with sand and frag- 
mentary that have worked 
downward from the Chester sandstone 
beds above. 


sandstone 


In many instances, large 
slabs of this sandstone have gravitated 
down the slope below the level of the 
ledges. Thus, much of this soil, al- 
though resting on a limestone base, is 
derived chiefly from disintegrated sand- 
stone and is very low in calcium content. 

There is a these 
hollows along and near the escarpment. 
Numerous valleys penetrate it from the 
south (Figure 1), while many hollows 
with steep, wooded slopes which drop 
abruptly a hundred 


concentration of 


feet or more to ir- 
regular, ramifying bottoms covered with 
thin stony soil derived from weathered 
parent limestone and the rock fragments 
washed from the steep sandstone-capped 
sides above cut the uplands into patches 
connected by narrow, flat ridges. 

The upland is not everywhere dis- 
sected. In places on the divides it ap- 
pears as a continuous table-land for a 
considerable distance, broken only by 
minor irregularities. Such sections per 
mit a rectangular road and field pattern 
and favor farming ona larger scale than 
farmers can follow in the rougher sec 
tions. In the extreme eastern part of 
the county and extending into the west 
ern part of Edmonson County, such a 
section of continuous upland covers sev- 
eral square miles and constitutes one of 
the best farming sections of the entire 
upland region. 

Originally the valley bottoms offered 
better advantages for farming than did 
the upland areas, and they were the first 
lands of the hill country to be cultivated. 
The soil covering, though much inferior 
to soils of the Pennyroyal Plain, derived 
considerable advantage from its mixture 
of sandstone and limestone debris. It 


stood up poorly under cultivation, how- 
ever, and farmers early extended their 
clearings up the slopes, beginning culti- 
vation on hillsides with, at best, only 
With slope-wash 
thus augmented, the steep land lost its 
soil mantle and the bottom fields soon be- 


thin, sandy coverings. 


came strewn with sand from the upper 
slopes. Cultivation migrated back to the 
valley bottoms leaving the cleared, gul- 
lied hillsides abandoned. 

Soils of the more nearly level upland 
are extremely sandy. Although the sur- 
face is relatively smooth and the land 
not subject to rapid erosion, their period 
of usefulness under cultivation is rela- 
tively brief. They were put under cul- 
tivation later than the valley soils, but in 
spite of the slope-wash, 
much of the upland has already been 
abandoned because of the exhaustion of 
fertility. 


absence of 


Level upland, steep slope, and narrow 
valley bottom succeed each other in 
rapid order throughout the northern part 
of Warren County. 
without all 


No community 1s 
three relief and 
many individual farms include the en 
tire range. 


types of 


Soils vary in composition, 
texture, and depth with each variation 
in relief; and a consequent variation in 
productivity gives, indeed, a mottled ap 
pearance to the farm income map of any 
hill community. 

‘or the most part the hill country has 
an air of poverty. Thin, depleted, sandy 
ficlds are returning, one by one, to na 
ture for the fertility that 
weeds and sassafras bushes slowly re- 


renewal of 


store, while new clearings on even steeper 
slopes are replacing the abandoned fields 
for only a brief span of years at best. 
The whole hill country depends upon 
the Pennyroyal Plain for its political and 
commercial connections. This is true 
not only for Warren County but for the 
hilly parts of neighboring counties as 


well. There is not a single market or 
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court center in this area, but the whole 
region is strictly dependent upon and 
tributary to Bowling Green, Russelville, 
Hopkinsville, and other Pennyroyal mar- 
ket and political centers. 

Type Section—The Benleo Section 

No two parts of the hill country have 
exactly the same landscape, but a dis- 
tinct similarity appears between all com- 
munities of the region. The Benleo 
community was chosen as a type section, 
not only because its physical aspects 
conform in every respect to those of 
most hilly regions, but because its util1- 
zation is of such a nature as to support 
and promote a culture of strictly hill 
people. 

This community (Figure 1) lies on 
the north water shed of Barren River; 
yet it is well within the uplands. The 
broken nature of the terrain is chiefly 
the result of surface erosion; however, 
the solution work of subsurface water is 
in evidence in many places. Practically 
every farm, except those in the highest 
parts of the sandstone table-land, has one 
or more open sinks which serve to drain 
subsurfacely a considerable part of the 
area. Hudnel Creek and other tribu- 
taries of Barren River flow in narrow, 
steep-sided valleys. During dry periods 
they carry little or no water ; but during 
rainy seasons they flow in torrents in the 
steep valleys they have carved through 
the thin sandstone caprock and far into 
the limestone. 

Drainage does not become a problem 
in this section. The sandy soil and the 
porous sandstone of the flat upland areas 
allow the rain water to penetrate quickly 
through to the limestone channels. Wa- 
ter never stands here long after a rain 


and 


waterlogging of soil is hardly 


known. The valley bottoms, however, 
do not drain as well as the sandy up- 
lands. Their soil covering usually is 


less porous, as a result of the limestone 


contribution to its make-up. In some 
valleys the soil has a fine, clayey texture 
with little evidence of sand. These soils 
are very sticky when wet, dry out slowly, 
and cannot be tilled satisfactorily during 
rainy seasons. Open sinks and under- 
ground channels favor drainage in most 
of these limestone valleys, however, and 
marshes and lakes are extremely rare in 
the hill country. 

Slope wash is extremely effective in 
this section. It quickly develops gullies 
on cleared slopes and forces the farmers 
to exercise great care in keeping the soil 
in place. It results in abandoned fields, 
which, first stripped of their thin sandy 
soil covering, are slowly regaining their 
fertility under a sparse cover of coarse 
grass and sassafras bushes. 

Low productivity of the soil will not 
at all warrant the expense of terracing, 
and farmers must practice rotation in 
their struggle against rapid erosion. As 
ploughing and tilling the land greatly 
hastens washing on these slopes, most 
farmers cultivate only one crop in four 
years on the same field; while on the 
steepest slopes they till crops only one 
year in five to eight. Too frequent 
cropping has brought almost complete 
ruin to some fields on steep slopes. Some 
farms in this section have almost passed 
the stage of usefulness through inade- 
quate precaution against erosion. 

The soils of the locality vary consid- 
erably. The Warren County soil sur- 
vey, made in 1904, is very general in its 
classification. The entire northern hilly 
part of the county is represented as De- 
Kalb silt loam, and no distinction is made 
between 


soils of sandstone and lime- 


stone origin. Soils show every grada- 
tion from the reddish yellow clays of 
some of the limestone valleys of this sec- 
tion to the very light sandy soils of the 
sandstone ridges. The pattern of soil 
type distribution is indeed patchy for the 
whole hill region, and low productivity 
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and short period of usefulness charac- 
terize all of the soils. Because of these 
characteristics farmers show little in- 
clination to differentiate between soils in 
making crop selections and determining 
The value of land 
in this section depends chiefly upon the 


modes of cultivation. 


way it lies with reference to slope, re- 
gardless of whether it is located on the 
sandstone upland or on the limestone 
level. The two best farms mapped in 
this area, one on the upland summit, and 
one at a lower level, underlain in part by 
sandstone and in part by limestone, de 
rive their superiority from the facts that 
they lie well for cultivation and that the 
owners give them good care. 

Relief and soils give a distinct char- 
acter to the section. Small-scale farm- 
ing and a patchy field pattern testify to 
the extent of physical dominance in the 
land use program, while the winding 


Be 


road pattern, conforming closely to the 
ridge tops, 1s a significant index of relief. 


THE LIMESTONE PLAIN 


In the southern part of Warren 
County optimum Pennyroyal conditions 
are developed. The region, usually re- 
ferred to as the Pennyroyal Plain, has 
very slight relief and a rather simple 
physical landscape resulting from the 
weathering of broad masses of St. Gen- 
The re- 
gion is truly a plain with a remarkably 


evieve and St. Louis limestones. 


smooth surface, for the most part, and 
relatively few rock outcrops except in 
the foot-hill area near the upland bor- 
der. Soils vary considerably in depth 
Bed 


as a rule, hes from two to fifteen 


and, consequently, in productivity. 
rock, 
feet beneath the surface; but in some 
places it outcrops or lies within a few 
inches of the surface, thus rendering the 
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land unfit for cultivation and of only low 
quality for pasture. 

In other places, on the other hand, the 
limestone bed is buried beneath 30 or 
40 feet of unconsolidated soil material. 
This variation in soil depth is remark 
ably significant in the vicinity of Rich 
Pond. Just north of the v illage bed rock 
outcrops over a considerable area, while 
about a half-mile to the southward the 
driller of an oil well encountered lime- 
stone only after drilling through more 
than 40 feet of soil and clay. The deep 
soils are highly productive and, where 
properly cared for, are perhaps as fertile 
as any of the soils of the Pennyroyal. 

Surface streams are not significant in 
the southern part of the county. Tracts 
many square miles in extent are without 
streams or valleys. Much of the Penny 
royal Plain acts as a reservoir to feed, 
by underground channels, streams in the 
hilly regions to the north and south. 
‘or the most part the land is well drained 
by subsurface channels; but in sections, 
as in the extreme southern part of the 
county, sink hole drainage is inadequate, 
and large areas become sites of extensive 
marshes and lakes in rainy seasons. In 
the Matlock section (Figure 1), such 
a marsh covers several hundred acres, 
while additional adjacent areas of con- 
siderable extent are sometimes water 
logged for several months in late win- 
ter and spring. The few small surface 
streams found in this region have poorly 
developed courses and are quite irregu- 
lar in their flow; in the dry season they 
appear merely as indefinite, dry channels. 
During the times of heavy rains, how- 
ever, the cavernous earth does not take 
up the water as fast as it falls, and mud- 
laden streams flow brim full through ill- 
defined, flat valleys. 

The development of the present sur- 
face and soil of this plains area is chiefly 
the work of solution and underground 
drainage. Surface 


streams produce 


little erosion, and much of the weathered 
material is washed down into cavernous 
passages and carried out of the area. 
Such drainage, for the most part, is very 
effective and would serve adequately for 
a rainfall much in excess of the 50 inches 
which the 


The soils, although sticky when wet, 


region receives annually. 
l'armers can 
cultivate their fields here much sooner 
after a rain than can those of the Illinois 
and Iowa prairies where there is little or 


soon dry out after a rain. 


The solution 
work is so evenly distributed in this re- 
gion by water percolating through the 
sieve-like rock mass, that the surface is 


no subsurface drainage. 


slowly being lowered very uniformly. 


Solution Features 


Sinks are present in practically all 
parts of the limestone plain, but in a few 
areas their development is somewhat 
concentrated. Asa rule they are small, 
and only occasionally is the bed rock ex- 
posed. Many sinks appear as shallow, 
saucer-like depressions with an opening 
at the bottom; in these the soil layer is 
about of equal thickness on the slopes 
and floor. Cultivation extends close to 
the immediate opening and little land is 
wasted. Other are 


steep-sided and irregular, with rock out- 


sinks, however, 
crops along the slopes and on the floor. 
Some are 50 to 60 feet deep and render 
useless an acre or more of land each. 
Originally most sinks stand open or have 
with underground 
channels through seepage; but as culti- 


good connection 
vation continues on the slopes material 
washes in and clogs the outlets of many. 
Shallow ponds then develop and serve 
for watering stock. 

The average sink is inconspicuous. 
The minimum water-table is not more 
than 15 or 20 feet below the surface and 
the opportunity for vertical displacement 
is so limited as not to permit large cave- 


ins. Many fields have one or several 
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such sinks, but they appear only as slight 
depressions or mere swales. ‘The sinks 
are marked by small growths of bushes 
or weeds left by the farmer’s plow as 
cultivation approaches within a few feet 
of the outlet. 

A few areas in this region show a 
marked concentration of solution fea- 
tures. Lhe largest and most conspicu- 
ous of these areas lies along, and south 
of, the Louisville and Nashville Railroad 
east of Bowling Green, from Bristow 
eastward into Barren County (Bowling 
Green, Brownsville, and Mammoth Cave 
quadrangles) (Figure 1). Here some 
solution depressions are of large size and 
of considerable depth ; but most of them 
are relatively narrow and not more than 
30 or 40 feet deep. 
eral miles in extent a broken, pitted sur- 


Over this area sev- 


face of steep, eroded slopes and thin soil 
has developed, which has relatively low 
farm value. Such regions, however, 
are of only local extent and do not figure 
materially in the land use program of the 


county at large. 


Soils 


Soils vary considerably within the 
limestone plain; but over most of the 
area these variations result chiefly from 
different modifications of the same uni- 
form limestone parent rock. The typi- 
cal soil is a rich brown or reddish brown 
This 
soil, where properly cared for, is friable, 
well drained, well aérated, and highly 
productive. 


silt loam with a red clay subsoil. 


On slopes where erosion 
proceeds the brown silt loam gives way 
to a finer textured, less fertile, red clay. 

In some sections of the plain stand 
slightly elevated detached remnants of a 
more resistant rock layer that once lay 
over the entire plain. They sometimes 
hillocks 
served by a capping of resistant chert. 


appear as well-rounded pre 
The resistant layer gives rise to a thin 


covering of stony, clayey soil of lower 


fertility than that of most of the lime 
stone plain. In some places, particu 
the 
the 


sandstone-capped upland to the north. 


larly near the northern border, 
elevations appear as outliers of 
Their slopes and the areas about show an 
admixture of sand, thereby being, as a 
rule, of lower fertility tha nthe brown 
silt loam which characterizes most of the 
region. 

Some depression floors are covered 
with a silty, red soil derived from the 
continuous inwash of material from the 
slopes. As this process of soil accumu 
lation continues the soil becomes leached 
of its soluble materials; a clayey texture 
develops, the subsoil becomes almost im 
permeable, and a condition of poor 
drainage and water-logging develops. 
The grayish clays, called ‘crawfish’ 
soils, have mottled subsoils containing 
iron concentrates, have low productive 
capacities, and are, therefore, of rela- 
tively low value for farming purposes. 
Some of the flats, called “flatwoods,” 
are wooded or clothed with sedges and 
other acid tolerant growths. Such an 
area appears in the Matlock and Wood 
burn communities ; these areas, however, 
are not extensive anywhere in the Penny 
royal. Sauer estimates their extent not 
to exceed 2 per cent of the total area. 


Type Section—The Rich Pond Section 


The Rich Pond section is located 
about ten miles southeast of Bowling 
Green. The area mapped (ligure 1) 


lies adjacent to and east of Rich Pond 
village; it includes nine farms with a 
combined area of nearly 1,500 acres. 
The area lies near the center of a much 
larger section of similar character which 
extends from Bowling Green southwest 
ward into Simpson County. 

The section was selected as representa 
tive of the best parts of the county. 
The nine farms mapped are not neces 
sarily the best farms in the Rich Pond 
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Woodburn area: but they were selected 
so as to bring out the major variations 
within the community and to typify the 
much larger area, conceded to be one of 
the two major farming sections of War 
ren County. (The other section, con 
sidered about equal to this, is the Smith 
Grove community in the eastern part of 
the county.) ‘Two or three of the nine 
farms, included in the area mapped, are 
among the best in the county; two are 
below the average for the community, 
while the others are fair averages for 
this part of the region 

The section has a practically flat sur 
face. “The maximum relief is not more 
than 30 or 40 feet, and irregularities of 
surface, other than gentle, undulating 
swells are the exception. Open sinks 
appear on most farms and practically all 
drainage is sub-surface, which is every 
where good. 


Slope wash ts insignificant 
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and gullying is rare. No cave-ins or 
large sinks break the continuity of the 
smooth surface. The average sink is 
small and unnoticeable, and cultivation 


Most 


sinks are open, consequently ponds are 


continues up to the sink opening. 
rare; a few, however, which serve as 
sources of stock water, appear in various 
parts of the plain. 

‘This section owes its superior qualities 
strictly to its productive soil. Again, 
the generalized soil survey of 1904 is 
inadequate ; it makes no distinction be- 
tween the various soils of the limestone 
area; it represents practically all the soils 
developed on the limestone as Clarks 
ville silt loams; however, a few small 
areas are mapped as Clarksville clay 
loams. As stated above, this region in- 
cludes a great variety of soil qualities, 
depending upon the parent material and 


the extent of erosion. The soils of the 
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Rich Pond section are typical of the best 
in the county, and give rise to as high a 
tvpe of agriculture as the Pennyroyal 
displays. 


For the most part the soils of the 
section mapped are deep, well drained, 
well aerated, and pre nluctive. Most of 


them are dark brown with a red clay sub- 
soil. Ona few slopes, however, where 
erosion is active, the presence of clay 
gives a reddish brown color to the sur 
face soil. Asa rule the soils are low in 
phosphorus and most of the fields have 
become deficient in lime, after long 
continued cropping. Most farmers ap 
ply lime regularly, and some use regular 
commercial 


fertilizers of phosphorus 


content. But at the present time of low 
prices most farmers are building up their 
land by growing clover, lespedeza, and 
soil-improving grasses. 

Even a small area, such as the one 
mapped, displays some soil variation. 
lor the most part, bed rock lies from a 
few inches to several feet beneath the 
surface, leaving a thick mantle of lime- 
stone soil. Ina few places, however, 
the bed rock outcrops in low knolls that 
stand slightly above the level of the sur- 
rounding country. About the outcrops 
the soil is thin and stony, and supports 
only timber and sparse pasture grass. 
Such areas are not numerous and are 
small in extent. The soil for most of 
the section is deep, easily tilled, lies well, 
and was originally fertile. 

Like all communities this section con- 
tains some run-down farms, with soils 
depleted because of lack of care. Two 
of the nine farms mapped in this group 
are ina bad state of repair ; and although 
they may never have been so good as 
some other farms of the group, their 
run-down condition cannot be explained 
in physical terms. 

Both relief and soils favor large-scale 
farming in this section. The 


average about 165 acres each, which is 


farms 


about twice the size of farms mapped in 


the Benleo section. As a rule farms 
here are well laid out in relatively large 
fields of pattern. The 


county roads, most of which are graveled 


rectangular 


and well kept, also follow a rectangular 
pattern, and are in keeping with this re- 
gion of slight relief and relatively high 
wealth. 


THE BROKEN SOUTHEASTERN BORDER 


In the southeastern part of Warren 
County the St. Louis limestone gives 
way to the Keokuk and Waverly shales 
which are the bases of the region that 
The 


merging of the limestone and shale for- 


extends eastward to the Bluegrass. 


mations has developed a transition zone 
the width of which is dependent upon 
the degree of erosion of the limestone 
from the underlying shales. Warren 
County contains only the northern mar- 
gin of this zone. Tlere an argillaceous 
limestone, known locally as buhr rock, 
characterizes the upland, while at lower 
levels stream erosion has exposed beds 
of limy shales. 

\Ithough broken relief is typical for 
much of this section, in its northern part 
continuous level upland tracts resemble 
closely the limestone plain to the north- 
east. But the inferiority of soils, due 
chiefly to difference in parent material, 1s 
everywhere in evidence, and the result 
ing cultural set-up has little resemblance 
to that of fertile 


region. 


the more limestone 
The broken, dissected sections 
bear a striking resemblance to the hilly 
northern part of the county, both physi- 
cally and culturally. Sandy tracts are 
lacking because of a total absence of 
sandstone ; but ruggedness of relief and 
shallowness and infertility of soil are as 
striking here as in the hills. 

in some places a sharp line of contrast 
appears between this region and the plain 
to the northwest, expressed as a distinct 


change in relief or soils. But in most 
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places, however, the transition 1s attained 
by a smooth gradation from one region 
to the other, particularly true in the west- 
ern part of the region where the flatness 
of the limestone plain continues far into 
the bulir rock area. In other places long 
stretches of the upland dovetail with 
steep, er led valleys tributary to Drakes 
Much of the 
area is maturely dissected by this drain- 


Creek and Barren River. 


age system. 

In the extreme southeastern part of 
the quad- 
rangle), the three branches of Drakes 


county (Bowling Green 
Creek have dissected the upland to the 
extent that it appears almost as rugged 
as the hill country in the northern part. 
Near the junctions of these streams 
most of the upland has been stripped 
away and the area is in steep slopes and 
narrow creek bottoms. In places, ver- 
tical bluffs nearly a hundred feet in 
height overlook the small, meandering 
for the part, 
short, intermittent tributaries have re- 
duced the surface to steep slopes that 


stream ; most however, 


remain timbered and_ little utilized. 
Farther south in the wider parts of the 
interstream areas the limestone upland 
continues level to undulating, except 
where interrupted by solution sinks. 
East of 
tures considerably mar the regularity of 
the upland surface. Sinks here are 
larger and more numerous than on the 


Barren River solution fea- 


limestone plain, and many of them serve 
hindrances to cultivation. 
Some of them hold perennial ponds while 
others are open and are floored with a 
relatively fertile covering of soil uti- 


as great 


lized for cre Ips. 

Inadequate drainage due to impervi- 
subsoil and surface 
streams characterize a few local areas, 
especially in the Matlock section, where 


ous absence of 


a considerable area is swampy during 
the rainy season. Water-logging is 


often a handicap to farming. Some 


years much of the land does not dry out 
early enough in the spring to permit the 
growing of crops. Many fields have an 
ash-gray soil which has become sour and 
non-productive as the result of water- 
logging; most farms, however, have 
only small] spots of such soil. 

‘The dominant rock here is limestone, 
Buhr rock 
Bright red clay 
characterizes many eroded slopes, and is 


but in places shales outers p. 
is also in evidence. 
somewhat in evidence in some of the flat 
fields; but over most of the upland the 
grayish soil is rock free or sprinkled with 
weathered limestone. Originally it was 
fairly productive but over-tillage and 
poor care have resulted in abandonment 
of many farms and low productivity of 
most others. The creek bottom lands 
stand up better under cultivation than do 
those of the upland and as a result of a 
higher water table they are more resist- 
ant to drought, and hence more depend- 
able. 

Timber occupies a rather high per- 
centage of thelandinthesection. Many 
of the abandoned hills are slowly regain- 
ing a But even 
growth is slow on the depleted soils. 


forest cover. tree 
On the whole this section shows little 


Old abandoned 
farmhouses and abandoned fields sug- 


evidence of pre ysperity. 


gest a possible higher degree of pros- 
perity at an earlier time when wants were 
more simple and the newer land was 
more productive. But the best land was 
cleared and put to use decades ago, and 
the new clearings promise at best, only a 
few years of productivity. The irregu- 
lar layout and small size of fields, even 
on the level upland, suggest small-scale 
farming practices, while the meandering 
pattern of poorly kept roads is indicative 
of acommunity of relatively low wealth. 
Soil poverty, and to a less extent, rug- 
gedness of relief, are dominating factors 
in the economic status and land use pro- 
grams of this section. 
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One million of Kentucky’s 2,600,000 people live in 265 cities, towns, and incorporated 


Louisville, the only city with more than 100,000 has 307,000 
population, whereas six cities have more than 25,000, 13 more than 


10,000, and 29 exceed 5,000 each. 


in unincorporated territory constitute 61 per cent of the total population, 


and with the exception or a significant concentration in the eastern coal mining section and a less 
marked density in the Western Coal Basin, are rather evenly distributed over the state. 

Only 9 per cent of the total population are negroes, a relatively low figure for a southern state. 
They are most numerous in the better farming areas, constituting about 18 per cent of the total 


population in the Bluegrass region and 21 per cent on the Pennyroyal Plain. 


In the rugged, eastern 


mountains negroes constitute only about 2 per cent of the total population. 


FOOTHILL ESCARPMENT TRANSITION 


ZONE 

fringing the Pennyroyal Plain on the 
north a fvothill belt of width 
consisting of knobs, 
highland 


varying 
limestone ledges, 
and 
leads upward to an area of continuous 
sandstone ridges and tableland. The 
limestones of this foothill belt, younger 
than the St. 


the smooth plain, 


spurs, piedmont slopes 


and removed from 
in this 
The somewhat irregu- 


Louis, 
appear only 
bordering zone. 
lar surface, pitted with solution depres- 
knobs and 
spurs, 1s capped with a thin layer of soil 


sions and interrupted by 


and frequently strewn with boulders. 
The natural wealth of the limestone plain 
to the south is little in evidence. Low 
pre ductivity of soils and a Sparse cover 
of cedars and coarse grasses give a 
poverty-stricken appearance. 

In the eastern part of the county the 


hill country is reached from the Penny- 


royal Plain over the abrupt, south- 
timber-clad Dripping Springs 
escarpment which rises steeply 150 feet 


above the plain. 


facing, 


lor several miles in 
Warren and Edmonson Counties it has 
the marks of a fault scarp with a steep 
south and a gentle 
l‘arther west, however, 


face back slope. 
the foothill zone 
broadens and the scarp gives way to a 
broken approach with more gentle gradi- 
ent and an interlocking of limestone val- 
West 


Ouadrange ) 


leys and sandstone- 
of Girkin 


capped ridges. 
( Brownsville 
(igure 1) the belt reaches a maximum 
width of about five miles, measured from 
the farthest outlying spur to the upland 
level. 


[In this area long, narrow valleys 


deeply engraved in the Genevieve 


limestone, wind between steep, narrow 
interbedded sandstone and 
limestone, capped with 10 to 40 feet of 
The soil of 
although it 
chiefly from limestone, 


ridges of 
Cypress sandstone. these 


valley floors, originated 


is relatively thin 


LAND ECONOMY OF WARREN CouNTY, KENTUCKY 


and of low fertility. Bed rock outcrops 
practically everywhere on the steep 
slopes, but sufficient soil has accumu- 
lated to support a dense timber growth. 
A few of these slopes have been cleared, 
but the soil quickly erodes and deterio- 
rates under cultivation. Some of the 
sandy ridge-tops, although quite narrow, 
produce fair crops for the first few years 
of cultivation. 

From westward to 
Gasper River the upland is maturely dis- 
sected by a dendritic pattern of surface 
streams. 


Barren River 


‘Through a zone approximate- 
ly ten miles from north to south the 
topography resembles that of the foot- 
hill of River. The 
rather uniform of the 
higher ridge-tops and the regularity of 
level at which the Chester sandstone 
occurs suggest that all except the south- 
ern border of this section belongs with 
the upland hill country. The foothill 
zone here, then, lies farther to the south, 
and appears as a less distinct transition 
zone from the limestone plain to the hill 
country. 


Barren 
summit 


zone east 


level 


For the purpose of this study the es- 
carpment and foothill may be 
defined as being of varying width and 


ZONE 


ruggedness and embracing that transi- 
tory zone that belongs neither to the 
plain nor to the hills but partakes of the 
nature of both regions. 


Type Section—The Girkin-Sand Hill 
Section 

The Girkin-Sand 
cated from ten to fifteen miles northeast 
The 
section mapped lies across the escarp- 


Hill section is lo- 
of Bowling Green (Figure 1). 


ment, extending from the limestone plain 
near the Dixie highway into the hill 
country to Sand Hill. After a careful 
reconnaissance of the entire transition 
zone which extends across the county 
from east to west, this cross-section was 
selected because it shows the average 
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FIGURE 9.—Reproduced from ‘‘Geography of 
the Pennyroyal”’ by Carl O. Sauer. (Courtesy 
of the author.) 


conditions one encounters in going from 
the limestone plain, through the foothill 
belt, up the escarpment front, and into 
the hill country. 

There is little in this section that does 
not appear either on the limestone plain 
or in the hill country; yet the area does 
not belong to either region, for it 1s 
purely a transition zone. The winding 
road from the south end of the mapped 
area northward to Sand Hill reveals 
conditions changing gradually as the 
panorama unfolds itself. At the south 
deep fertile soil, smooth relief, and a 
rectangular field and road pattern typify 
the limestone plain. The surface ap- 
pears smooth and level, yet it rises 
toward the north 75 feet in the first three 
miles. This ascent is accomplished over 
almost imperceptible benches of younger 
rock, each one of which produces a slight 
variation in soil. Generally speaking, 
the soil becomes thinner, more stony, and 
less productive toward the escarpment 
foot. Alfalfa, a good indicator of lime 
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content and consequently, to a certain 
extent, of soil quality, appears last at the 
road turn one and one-half miles south 
of Girkin (Figure 1). 

Open sinks become larger and more 
On 
their slopes and on gullied hillsides red 


numerous towards the escarpment. 


clay is the characteristic mantle, while 
sink and valley floors take on a red color 
The 
isolated spurs are chiefly timbered, and 
many of the cleared slopes early lost their 
value for 

abandoned. 


from the clay washed into them. 


cultivation and have been 

The steep escarpment face displays 
rock exposures nearly everywhere. It 
is practically all timbered ; the few clear- 
ings show the very thin soil to be badly 
eroded. The immediate escarpment face 
is truly No 
large or small, restricted to this slope, 
will support a family. Most 
along the escarpment also own valley or 


submarginal. holdings, 


farmers 
ridge-top land for growing crops. 


When the upland proper is once at- 
tained true hill country continues north- 


ward to the Green River valley, a de- 
scription of which appears elsewhere in 
this paper. 

from the 
Pennyroyal limestone plain to the sandy 


This is a transition zone 
hill country ; but there is no gradation of 
these two regions. The normal order 
of transition from one of two contrast- 
ing and adjoining regions to the other is 
that of the blending of the two in the 
zone of contact. But in Warren County 
the pronounced nature of the escarpment 
A distinet 
gradation begins in the foothill zone; 


precludes such a blending. 


but this gradual blending is checked 
sharply when the escarpment face is 
reached. After crossing the escarpment 
one observes that the contour again 
softens. The hill country, though truly 
hilly, has a much softer relief than has 
the escarpment. The climax of rugged- 
ness, then, comes along the escarpment 
between these two major regions of the 
county, and on either side lies a less 
rugged region with greater potentialities 
for human use. 


AGRICULTURAL METHODS ON THE CANARIES, 


FUERTEVENTURA AND LANZAROTE 


Soren Jensen 


HE climate of Fuerteventura 
and Lanzarote, the two eastern 
islands of the Canary group, dif- 

fers to a certain degree from that of the 

other islands, especially as regards pre- 
cipitation. In connection with special 
conditions of the soil this has given rise 
to some peculiar forms of agriculture ; 
interesting also for the reason that in 
principle they are based on the same 
agricultural and physical laws as the 

American dry While dry 

farming is a product of our days, the 

methods 


farming. 


and 
Lanzarote date from the Guanches, the 


used on luerteventura 
original inhabitants of the islands until 
the Spanish conquest. 


SOURCES OF INFORMATION 


An account of these methods of agri- 
culture, and of the position of agricul- 
ture upon the whole, is rendered ex- 
tremely difficult by the fact that almost 
no literature on the subject is existing. 
By Karl Sapper, a work has been pub- 
lished in Tropenpflanzer, 1907 : ‘Acker- 
bau auf den kanarischen Inseln,” which, 
unfortunately, has not been available 
during the writing of the present; but 
apart from this, nothing, not even in 
Spanish, seems to have been published. 
l*or the descriptive account of the physi- 
cal and climatic conditions of the islands 
and for a comparison between agro- 
physical phenomena the following have 
been used: D. Gregorio Chil y Naranjo, 
“Estudios Historicos, Climatologicos y 
Patologicos de las Islas Canarias,’ Las 
Palmas, 1876; Vahl og Hatt, Jorden og 
Menneskelivet, Copenhagen, 1925; L. 


Proust et Pitard, Les IJles Canaries, 
Paris, 1909; Pacheco, /-xrploracién geo- 
logica de Lanzarote y de las Islas Cana- 
Madrid, 1907; of unpublished 
works I have kindly been allowed to 
make use of the manuscript read in 1921 
by Snr. Antonio Gonzales Cabrera, for- 


rh 1S, 


merly chief engineer of the Agronomic 


Institute of Las Palmas, called ‘The 
\ctual State of Agriculture on Fuerte- 
ventura.” Snr. Francisco Guerra Mar- 
rero, the present chief engineer, has 


lent me two accounts: 


A board record 
(1927) concerning Fuerteventura, anda 
record sent to the government (May 
1930) dealing with the crisis to which 
both islands are subject. 
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FIGURE 1 Accumulation of water on 
estate of José Pereira in Lanzarote. 


While existing material has made it 
possible to form an idea of conditions 
on luerteventura, an excursion to Lan- 
zarote was necessary. In spite of the 
short stay of only a few days, I never- 
theless succeeded in getting some knowl- 
edge of the methods of cultivation prac- 
ticed there, due to an introduction to the 
one person on the island who would cer- 
tainly best of all be able to give informa- 
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tion. For the greatest part of the 
information about Lanzarote I am thus 


indebted to Snr. Don José Pereira. 


RELIEF 


The islands are situated in a northern 
latitude, 29° 14’ to 28° 1’, and are 
crossed by the fourteenth meridian of 
West Longitude. Lanzarote (274 square 
miles) is the northeasternmost of the 
Canary group and its longitudinal direc- 
tion is north-east south-west ; its shape is 
very irregular and the coastline very 
much broken. On the east side the only 
natural harbor of the Canaries, Naos, 
is found. Fuerteventura (673 square 
miles) is situated in the direction south- 
west, and is divided from Lanzarote by 
a narrow strait. The first European 
conquerors got the impression that it was 
two islands, because the southern, very 
small part of Fuerteventura was con- 
nected with the rest of the island by a low 
isthmus only three miles broad. 

Their topography is considerably dif- 
ferent from that of the other islands of 
the archipelago, and this fact is, in its 
turn, the reason 
ferences. 


for the climatic dif- 


The most characteristic features of 
the interior of Lanzarote are two moun- 
tain beginning in the 
Teguise plains and running in the di- 
rection south-west north-east up to the 
northeasternmost point of the island, at- 
taining a height of about 1,080 feet, and 
another beginning at Montana Blanca, 
which, stretching towards the southwest, 
quickly divides into two branches, one 
continuing towards the southwest, the 
other towards the southeast. The ele- 
vation is 1,600 to 1,800 feet and the 
highest point of the island reaches 2,245 
feet here in the south. 

Apart from these and the little range 
of Montana Fuego, only isolated moun- 
tains are found on the island, without 
any order or direction so as to form an 


ranges, one 
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orographic system. Lanzarote was for- 
merly and is still, no doubt, the most 
volcanic island of the archipelago and 
has undergone great revolutions. There 
are no stream courses, with the exception 
of two small wells, which, on account of 
their situation, are of no consequence in 
the cultivation. 

In Fuerteventura the volcanic activity 
seems to have made special exceptions in 
allowing room for plains and _ valleys. 
There are some plateaus, only slightly 
connected with one another but other- 
wise following an axis. This axis is 
broken many times by intervening val- 
ley s, and extends the whole length of the 
island to the isthmus in the south, where 
it ceases in order to continue in a range 
on the small southwestern peninsula 
(Jandia). In Majorata, the greater, 
northern part of the island, a height of 
2,240 feet is reached, in Jandia a height 
of 2,770 feet. The valleys, extending in 
the direction east-west, are almost al- 
ways dry, except Rio de Palma, the small 
stream that is used for irrigation. 

The geol ey ¢ yf the islands suggests an 
original connection with the continent ; 
traces of eruptive, deep-seated intrusive 
rocks and, in Fuerteventura, of old sedi- 
ments, are to be found, but otherwise the 
islands are exclusively of voleanic origin. 
In Lanzarote deposits of calciferous dust 
appear in several places in more or less 
considerable layers of limestone, and in 
luerteventura there are veins filled with 
limestone, probably the result of the ac- 
tion of water containing carbonic diox- 
ide on basalt. 

The geological conditions of the is- 
lands appear to present very perspicu- 
ously a good object of study for the 
understanding of vuleanism. 


CLIMATE 


The climatic conditions are only little 
registered ; there are no meteorological 
stations and the records made by private 
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persons date back only a few years. As 
far as temperature is concerned the is- 
lands are between the tropical and sub- 
tropical types. ‘The winter is very mild, 
and the summer not too hot on account 
of the Canaries current coming from the 
north. Proust and Pitard state that the 
extreme temperatures for Fuerteventura 
are 91° and 53 to 55°, without recording 
the mean temperature of the warmest 
and months; the absolute ex- 
tremes of Lanzarote are mentioned 115 
to 120 
Pereira, who has made records on his 
estate, situated 560 to 590 feet above the 


coldest 


and 37 According to José 


surface of the sea, a little to the south 
of Arrecife in Lanzarote, the warmest 
month of 
ture of 97 
ot 50 


1932 had a mean tempera- 
and the coldest month a mean 
The highest temperature on 
record was 108 ‘or the precipitation 
he gives a 2-year mean of 8.5 inches and 
is of the opinion that 15 inches and 2.5 
inches are the approximate means of 
rainy and less rainy years. The precipi- 
tation falls during the winter period. 
¢The inconsiderable rainfall must be at- 
tributed to the elevation as well as to the 
location. While the elevation of the is- 
lands, Tenerife and Gran Canaria, situ- 
ated more to the west but comparatively 
near, is 12,400 feet and 6,500 feet re- 
spectively, and while the orography is 
characterized by high, continuous moun- 
tain ranges, the heights of these eastern 
islands are too inconsiderable and the 
mountains too discontinuous to force the 
wind so much upwards that a great deal 
of the moisture is discharged as rain. 
Against the 8.5 inches ( ?) of Lanzarote, 
which, on account of non-existing data 
for Fuerteventura, may be put down for 
this island with the same uncertainty, 
there is in Gran Canaria a mean of about 
15 inches. The moisture of the air, 
which is of great importance for the 
methods of cultivation employed, varies 
according to the direction of the wind. 
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The northeast winds are the most usual 
and, having passed the desert of Sahara, 
very dry; with more northerly winds 
there is a considerable increase of the 
moisture of the air. Travelling from 
the northeasternmost point of Lanza- 
rote towards the southwest one crosses 
two climatic limits revealed by different 
possibilities of cultivation ; that they ap- 
pear at all in so small an area shows per- 
fectly how the climatic conditions barely 
permit cultivation at all. The most 
southerly of these climatic limits is surely 
immediately dependent on the varying 
moisture of the air; but this question 
will be treated in dealing with agriculture 
of Lanzarote. 


\ EGETATION 


In regard to the complete absence of 
woods Fuerteventura and Lanzarote re- 
semble each other. According to the 
history of the islands the mountains and 
the ridges were formerly covered with 
thick woods, but the Spanish conquest 
was followed by a gradual clearing in 
order that a intense cultivation 
might contribute to the demands of an 
increasing population. 


more 


The clearing, 
which was carried on to our days, has 
left no trace of wood, as a matter of fact 
hardly single specimens remain to show 
whereof future plantings must consist. 
wood would 
have been an immense advantage for the 


The conservation of the 


inhabitants, who must now try to make 
up for previous thoughtlessness by costly 
afforestation, for which means are often 
wanting. 


AGRICULTURE OF FUERTEVENTURA 

In order to carry through the cultiva- 
tion of an area the most important ques- 
tion is the water-supply, so it will be 
practical to consider the agriculture of 
the island after a division into areas ac- 
cording to the ways in which the crop 
receives the sufficient moisture. 
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IRRIGATED AREAS 


As the first type, may be taken the one 
well-known in the other islands of the 
archipelago and in other regions where 
irrigation is employed. It is based on 
borings, whether the usual depth- or 
well-borings, or, in the mountains, to 
a natural overground or underground 
reservoir, or to where a stream course 
may be cut off, in which case the point 
is to lead the water into an irrigation 
the way. In 
Fuerteventura well-borings are almost 


canal in most efficient 
the only system used, and the possibility 
of finding water in the inhabited parts is 
rather well-known, even if it is not uti- 
lized. [-verywhere ‘borings are made, 
sometimes with results, in other cases 
with negative or, at any rate, doubtful 
results, because the borings have not been 
deep enough to reach the impervious 
beds. The quality of the water, espe- 
cially with regard to the contents of 
chlorine of one litre, has been examined 
in order to determine the crop for which 
the areas in question are particularly fit. 

Kor the pumping of the water about 
400 mills are actually found in the island, 
and in May, 1930, it was recorded that 
only about 20 of these were in action; 
the others had stopped, because the level 
of the water, on account of the absence of 
rain, had sunk so deep that there could 
be seen hardly any water on the bottoms 
of the wells. The average depth of the 
wells is 50 to 60 feet, and the want of 
money to deepen them to the necessary 
100 to 150-foot depth is the reason for 
Then emi- 
gration in search of work takes place to 


the sad fate of the owners. 


the neighboring islands until news comes 
to them that rain has fallen at home. 
Beside, there are about 400 well-borings, 
where water has been found; the corre- 
sponding land has been prepared as irri- 
gation fields except for the making of 
the irrigation canal, but the pumping 
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mill is wanting; again want of capital 
is the reason why thousands of acres can- 
not be irrigated, though only a very small 
sum of money is required. 

In the irrigated areas small farms are 
prevailing—big farms are hardly ever 
found—and the farmers are again andl 
again advised not to yield to their vain 
desire to be able to say that they have so 
many acres under cultivation, but to be 
satisfied with a smaller area, the cultiva- 
tion of which they can manage. 

The expenses necessary to transform 
one hectare of dry land into an irrigated 
farm forms a rather good picture of the 
conditions under which the farmers of 
these areas are working : 


Pesetas 

Price of the area - : ‘ ; 1,000 

Ploughing, parcelling out, canalization, and terrace 

WAHS .55.0: aaa Pua 

Well-boring, 100 to 150 ft. . 

Pumping mill (purchase 
Cistern ... 


2 500 
5,000 
$500 
2 000 


and installation) . 


Total 15,000 


The methods of cultivation will not 
be mentioned, being well-known from 
other regions of irrigation. 
alfalfa and 
tomatoes constitute, by far, the greatest 
part of the cultivated plants of the irri- 
gated areas. 


Being the most paying, 


While the growing of al- 
falfa gives a profit of 13 per cent of the 
invested money, tomatoes give 28 per 
cent. The growing of tomatoes de- 
mands, however, a considerably larger 
capital and the risk of a.crop failure is 
greater. Besides, potatoes or maize are 
grown, while other cereals are raised to 


a much less degree. 


ENARENAR AREAS 


In these areas the method is used, 
which, in principle, resembles the modern 
dry farming, especially employed in the 
deserts of the United States and Canada. 
Dry farming appears as the result of the 
cooperation of practical farmers and 
scientific experiment stations, while the 
enarenar cultivation here has been de- 
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FIGURE 2. 
in Lanzarote. 


Vine-growing on enarenared land 


the original inhabitants. 


They have most certainly noticed that 


vel yped by 


under certain circumstances the condi- 
tion of the soil was particularly favor- 
able to wild plants ; these conditions have 
been given a permanent agricultural 
form. This form, originated in Lan- 
zarote, and later on brought to luerte- 
ventura, consists in spreading on the sur- 
face of the ground a smooth layer of 
lack volcanic ashes. ‘The thickness of 
this layer varies from 2.5 to 5 inches ac- 
cording to the crop and the exposure, 
The volcanic ashes are carried on camel- 
The 
corresponding treatment of the soil in 
dry farming is the following: the soil is 


back trom the nearest volcanoes. 


ploughed about 7 inches, the plough is 
followed by a machine squeezing down 
the underlying ground, the top layer is 
then harrowed and pulverized to a depth 
of 2.5 inches so that a layer of very loose 
earth, a mulch, is produced 

The ashes of the enarenar method and 
the mulch of dry farming are meant to 
prevent evaporation of the once absorbed 
water, which has easily gone through 
the loose layer and is retained by the un- 
derlying hard crust of earth having a 
great power of absorption. On account 
of the comparatively insignificant capil- 
lary action of the loose layer overhead 
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the water is not so easily lost by absorp- 
tion and evaporation. 

The layer of volcanic ashes of the 
enarenar method facilitates the treat- 
ment of the soil more than the mulch 
produced by dry farming. In dry farm- 
ing it is necessary to harrow after every 
shower in order to keep the mulch loose, 
and even after the sowing the harrowing 
is continued after rain squalls, until the 
crop is so big that it may be damaged 
by it. 
the enarenar method is to prevent, by 


The corresponding measure of 


all means, the layer of ashes from being 
mingled with the underlying earth. The 
superiority of the enarenar method ap- 
pears also in the great power of the vol- 
canic materials of acting as a condenser 
of the humidity of the air, a consequence 
of the immense surface of the porous 
materials. In the course of years, how- 
ever, the layer of ashes loses the power 
of absorbing water, because in spite of 
all carefulness it becomes mingled with 
the underlying earth. <A prepared area 
is calculated to yield for 10 or 15 years 
before the layer of ashes must be re- 
newed. 

In sowing, a spade is used, no drawn 
implements. A furrow is carefully 
made in the layer of ashes, and after 
sowing it is covered up before proceed- 
As the 
roots of the growing plant will spread 


ing to sow in the next furrow. 


along the surface of the underlying 
ground, t.e., between the layer of ashes 
and the soil producing nourishment and 
water, a depth of + inches is sufficient 
for the soil. 

The extend, of 
course, where the want of groundwater, 


enarenared areas 
or rather its great depth, does not make 
it pay to raise it for the purpose of 
irrigation. 

Before 1930 almost no rain had fallen 
for seven years, but, nevertheless, the hu- 
midity of the air condensed by the en- 
arenar method was sufficient so that ex- 
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To the left oranges or lemons; in 


FIGURE 3. 
the middle mulberry trees. Notice the wind- 
screens in the form of horseshoes for the single 
plants and groups of plants. 


reached. 
The average cost of enarenaring one 
hectare of land is calculated to be 3,200 
pesetas. 


cellent harvest results were 


In the enarenared areas they grow 


maize, satisfactorily yielding grains, 
and, besides, they grow successfully 


Indian fig (opuntia ), potatoes, grey peas, 
onions, wheat, and barley. The Indian 
fig must be mentioned especially, be- 
cause, being the least exacting, it never- 
theless has an abundant yield. 
flakes are used 


The big 
fodder when the 
prickles have been removed, and in peri- 


for 


ods of crisis they have saved the cattle 
of the island, while the savory fruits 
have relieved the hunger and thirst of 
the inhabitants. Indian fig is of no 
small importance in the production of 
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From a far distance it can 
be seen if cochineal insects or cocci are 
grafted on a field of Indian fig; after 
the females have been dried they are used 
for the production of dye-stuff, the 
cochineal vegetation appearing in white 
spots on the otherwise blue-green flakes. 


cochineal. 


l‘ormerly cochineal was a source of pros- 
perity for the Canaries, but owing to the 
discovery of the aniline dye-stuffs they 
entered upon a severe economic crisis. 
Lately cochineal has been obtaining high 
prices once more, because, being more 
fast-colored and not poisonous, it had 
a renascence in an age where the use of 
cosmetics is a daily necessity. 


DRY AREAS 


These areas are literally dry, for from 
an agronomic point of view it is uneco- 
nomical to undertake well-borings, and 
the cost of enarenaring the surface is too 
high on account of the long distance to 
In the board rec- 
ord it is proposed to parcel out the land 
gratuitously to the municipalities and 
others who will undertake to cultivate 
it after the modern dry farming meth- 
ods. This proposal must be placed in 
connection with an exchange of experi- 
ences which has taken place in the last 
four or five years between American dry 
farming and the Canarian enarenar 
methods through a representative of the 
Agronomic Institute of Washington, 
who has visited the islands Fuerteven- 
tura and Lanzarote to study the condi- 
tions there. 


the nearest volcanoes. 


The dry areas form, upon the whole, 
by far the greatest part of the region, 
and have the appearance of a desert ; now 
and then some places grown with scarce 
herbs are seen that are sought by goat 
herdsmen with their flocks. The herds- 
men have fallen into disrepute because 
among them bad elements are found 
who are not ashamed to drive their goats 
on to the newly sown fields and planta- 


” 
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tions, and the herding system is said to 
have contributed much to the destruction 
of the original woods. 

While dealing with the cultivation the 
date palm, pomegranate, fig (carica), 
and the carob-tree may be mentioned, all 
of which have brought success. 


AGRICULTURE OF LANZAROTE 


In Lanzarote we find the same types 
of cultivation as in Fuerteventura; yet 
differences are produced by local condi- 
tions. 


AREAS OF IRRIGATION 


If the conditions of irrigation were to 
correspond to those described in dealing 
with luerteventura, we should expect to 
find pumping mills near all houses. 
They are almost only found along the 
shore, and they are here used for pump- 
ing up sea water for the purpose of salt 
production. Most well-borings only 
lead to water containing more or less 
salt, consequently no effort is shunned 
to collect rain water. Bare plains are 
levelled and properly sloped, where they 
are not naturally so, and from the lowest 
place a drain leads into the cistern, which 
is covered in, contrary to those found in 
the western islands. Of course, this is 
to make certain that none of the precious 
Near a 
farm a large space is carefully levelled 
and so covered with a layer of tram- 
pled, metamorphosed tuff that it slopes 
slightly towards one of the corners that 
drains into the cistern. 


liquid is lost by evaporation. 


It is surrounded 
by low walls, and serves in winter as a 
means of accumulating water. In sum- 
mer it is used as a threshing-yard. The 
threshing is done by means of a sledge 
set underneath with sharp-edged stones, 
pulled by a camel. If a man is very 
provident and has two or three places for 
accumulating water, he may indulge in 
the luxury of having trees and flowers 
near the farm, and especially, if the con- 


ditions of growth are supported by enar- 
enaring, he may expect to get pleasure 
of the flowers most of the years, at any 
rate, only with the exception of the years 
when the lack of water is so great that 
water provisions must be transported by 
ship from the islands Gran Canaria and 
Tenerife. In that case the price of 
water, which, in Arrecife, in good years 
usually lies at about 0.50 pesetas, rises 
to 3or4 pesetas a hectolitre. 





FIGURE 4. 
in the ashes; in some places vines are seen above 
the holes. In the background Montana de 
Fuego. 


Mulberry tree growing in a hollow 


The products of the area are the same 
as in Fuerteventura, and alfalfa is the 
plant most easily grown in places where 
well-borings have led to saline water. 

ENARENAR AREAS 

The enarenared areas are greatly 
prevalent, and we find no less than three 
forms of enarenaring. The one most 
commonly used is the form already de- 
scribed for Fuerteventura, so that only 
a few special observations need be given 
here. 

In the fertile Haria valley, the north- 
ern part of the island, the inhabitants 
have been in a very favorable position 
with regard to enarenaring. By dig- 
ging through an overlying, fertile earth- 
layer, volcanic ashes have been found, 
and so the whole thing has consisted in 
digging out the cistern, at the same time 
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the materials for 


enarenaring. 


getting necessary 

In the treatment of the climatological 
conditions it was said that two climatic 
limits could be distinguished on the 1s- 
land. One goes from Arrecife towards 
the northwest. Northeast of this line 
they grow the variety of barley found 
in Morocco, and southwest of it another 
variety that is heavier and whiter, but 
cannot otherwise be ranked with any 
recognized type. Any difference in the 
soil conditions cannot be proved, but if 
barley belonging to one zone is intro- 
duced into the other, the result is a nega- 
The other limit cuts off the 
southern part of Lanzarote, and is per- 


tive one. 


ceivable by the fact that in comparatively 
bad years a corresponding crop is har- 
vested in the greater, northern part of 
the island, while there is a crop failure 
in the southern part and in Iuerteven- 
tura; nor can it be maintained here that 
the soil conditions or the enarenar treat- 
ment have been different. Though to- 
gether with the fact that within the 
enarenared areas the crop is far more 
dependent on the humidity of the air 
than on the rainfall, it is probable that 
an explanation of the cause of the said 
condition can be given. 
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In growing barley, a method said to 
secure a crop twice as rich is used in 
many places. 
within about 


The seed is sown in rows 
10 inches of each other, 
and the barley is sown in small heaps of 
4 or 5 grains at the same interval. The 
heads, growing as small clusters, support 
each other. The absorption of water 
and nourishment is regular, and finally, 
there is the advantage that the harvest- 
ing, which is carried out by means of a 
sickle, is facilitated. “This may, perhaps 
to a certain degree, make up for the al- 
most endless work which the sowing 
must appear to be for the sower, whose 
only tool is a spade. ‘The barley culti- 
vated after this method is sooner fit for 
reaping than in areas treated in any other 
Way. 

The products grown in the corre- 
sponding areas of luerteventura appear 
here too, and are increased by tobacco. 
It is the same variety as the tobacco 
grown in Cuba; it only needs little water 
An 


enarenared area of one hectare yields 22 


and is easily dried in the open air. 


quintals of tobacco of the joint value of 


2,200 pesetas. The cost of the treatment 


of the area, sowing, ete., the drying 
of the tobacco, and the reimbursement 


of the capital amounts to 1,000 pesetas, 





FIGURE 5. 
is seen a place whence the materials for enarenaring are fetched. 


A characteristic small farm with the threshing-yard in front. 


On the mountain behind 
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FIGURE 6. 


so that, considering the rather great 
profit, it 1s no wonder that a certain atten- 
tion is given to this product. The is- 
lands, being a free port and consequently 
flooded with foreign tobacco, a proper 
price can only be obtained in Spain. — It 
is true that laws are in existence accord- 
ing to which a certain part of the tobacco 
must be sold in the Canaries (decrees 
easily obeyed as the government has a 
monopoly of tobacco ). 

In an area 1 or 2 miles southwest of 
Arrecife, near the shore, ina place where 
the coast-line is almost west-east, a curi- 
The 


position, in relation to the opposite shore 


ous form of enarenaring is found. 


of the island and the slope of the inter- 
vening heights, is exactly of such a na- 
ture that the winds passing the area 
deposit the calciferous sand they have 
The 


underlying ground is solid, i.e. with a 


carried along from the other side. 


great power of absorption, and by mak- 
ing the layer of sand serve in the same 
way as, in other places, the volcanic 
ashes, cultivation of tomatoes and mel- 
ons is carried on in these regions that 
The 
layer of sand is about 15 inches deep, and 
is rather constant on account of a bal- 
ance between the deposited sand and the 
sand that is carried by the wind out into 


have been enarenared by nature. 


The Haria valley in Lanzarote. 


the sea. ‘The plants themselves contrib- 
ute to the preservation of the fixed 
height of the layer of sand. The treat- 
ment is the following: a hole is dug, 
manured where the sand and the under- 
lying ground meet, the hole is covered; 
and the planting goes on in the sand. 
In the loose sand the roots develop 
rather straightly downward in order to 
reach quickly the water of the under- 
ground, where they spread. It is curi- 
ous to see a field of big, succulent melons 
apparently growing in dry sand. The 
harvest, however, does not succeed 
every year. 

The most conspicuous form of enar- 
enar cultivation is found higher up in the 
mountains, especially employed in grow- 
ing the vine and mulberry trees (mor- 
era negra). ‘The layer of ashes varies 
in depth from half a yard to one yard 
and a half, and is in some cases a natural 
deposit, but often conveyed to the place 
by means of camels. ‘The cultivation of 
wine may go on in long beds of volcanic 
cinders that the under- 
ground; they must be repaired every 
year so that the vines are not covered by 
the ashes. 


almost reach 


If the area is exposed to the 
wind, small wind-screens are made of 
piled stones between the single plants or 
for a smaller section. Where the culti- 
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vation is more difficult the plants are 
grown each in a separate hole. In the 
same way the mulberry trees are culti- 
vated. The vintage takes place as early 
as about the fifteenth or twentieth of 
August as far as the greater part of the 
grapes is concerned—those used for the 
production of Malvasia. 


The word enarenar 
the designation gravel. 
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As is the case in Fuerteventura the 
dry areas of this island make, by far, the 
greatest part of the territory, and present 
the same desert-like surface. 

Where conditions allow road plant- 
ings wnecotiana glauca, colloquially 
“bobo,” and tamarisk, are most usually 
found. 


to cover with sand—is not quite adequate, as the size of the grains demands 
The term enarenar has, however, been adopted and the method of cultivation 


ought, under no circumstances, to be termed dry farming, which is different both in origin and practice. 


ANNOUNCEMENT 


N THE April issue of Economic GEOGRAPHY A gricultural Regions of the 
World will be continued with another installment of Agricultural Regions 
of Asia, a detailed discussion of China by Dr. George B. Cressey. The 

concluding installments of Agricultural Regions of North America by Dr. O. E. 
Baker will appear in subsequent issues. In a later issue Dr. Homer L. 
Shantz, President of the University of Arizona, will contribute the first of his 
series on A gricultural Regions of Africa, which, upon conclusion, will complete 
the finest geographic discussion of the world’s agriculture thus far established. 

To obtain the complete series of these extremely valuable articles, which 
present for the first time on such a comprehensive and accurate basis the 
significant divisions of the world’s most important industry, it will be neces- 
sary to subscribe at once for ECONOMIC GEOGRAPHY, and to order the several 
back numbers. 

In addition to this series of articles on agriculture, other series are being 
initiated ; every issue will also contain four or five articles dealing withurban 
and regional geography, with problems of land utilization, with programs of 
development of resources, with commerce, with transportation, with health, 
and with the hundred and one other subjects that are of present geographic 
interest, all by the most competent and best-informed authorities in their 
respective fields. ECONOMIC GEOGRAPHY is indispensable to the intelligent 
citizen. 

The subscription price to all new subscribers in the United States and pos- 
sessions is $5.00 the year or $9.50 for two years. To all foreign countries, 
$5.50 the year or $10.00 for two years. Complete files from the beginning to 
include the numbers for 1933 may be obtained at the special price of $42.00 
for the United States and $45.00 for all foreign countries. 
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Location of South Africa and Its Economic Consequences, C. F. Hugo, University of Pretoria, South Africa. 
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